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& MOT&TED SUBTHISXS SBOTEaSB. 


3?his invention abates to novel mutant enzymes or 
enzyme variants useful in formulating detergent compositions 
in exhibiting iisprovad wash, performance, cleaning and deter- 
gent compositions containing said enzymes, imitated genes coding 
for the esrpreesion of said ensymee when inserted in a suitable 
host cell or organism , and methods of selecting the amino acid 
residues to be changed in a parent enzyme in order to perform 
better in a given wash liquor under specified conditions. 

In the detergent industry enzymes have for more than 
20 years been implemented in washing formulations. Enzymes used 
20 in such formulations comprise proteases, lipases, amylases, 
cellulases, as well as other enzymes, or mixtures thereof. 
Commercially most important are proteases. 

Although proteases have been used in the detergent 
industry for more than 20 years, it is still not exactly known 
25 which physical or chemical characteristics are responsible for 
a good washing performance or ability of a protease. 

The currently used proteases nave been found by 
isolating proteases from nature and testing them in detergent 
formulations* 

30 

BACILEOS PfiQTOSES 

Enzymes cleaving the amide linkages in protein substra- 
tes are classified as proteases, or (interchangeably) peptida- 
ses {see Walsh, 1979, Enzymatic Reaction Hachanlsms. w.H. 
35 Freeman and Company, San Francisco, Chapter 3) . Bacteria of the 
Bacillus specias secrete two extracellular species of protease , 
a neutral , or metal loprotease , and an alkaline protease which 
is functionally a serine endopeptidase, referred to as subtil i- 
sin. Secretion of these proteases has been linked to the 
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bacterial growth cycle, with greatest expression of protease 
during the stationary phase, when sporulation also occurs. 
Joliffe et al. (1980, .J. Bacterial 141:1199-1208) has suggested 
that Bacillus proteases function in cell wall turnover. 

5 

A serine protease is an enayme which catalyses the 
hydrolysis of peptide bonds, and in which there is an essen- 
tial serine residue at the active site (White, Handler and 

10 Smith, 1973 "Frinciplee of Biochemistry, » Fifth Edition, 
KcGraw-Hill Book Coarpany, m f pp. 271-272) . 

Tim bacterial serine proteases have molecular weights 
in the 20,000 to 45,000 range. They are inhibited by diisopro- 
pylfluorophosphate, but in contrast to metal loproteases , are 

15 resistant to ethylene diamine tatraacetic acid (EDTA) (al- 
though they are stabilized at high temperatures by calcium 
ions). They hydrolyse simple terminal esters and are similar 
in activity to eufcaryotic chymotrypsin, also a serine pro- 
tease, a wore narrow tent, alkaline protease, covering a 

20 sub-group, reflects the high pH optimum of some of the serine 
proteases, from pH 9.0 to 11.0 (for review, see Priest, 1977, 
Bacteriological Rev. 41s 711-753). 

In relation to the present invention a subtilisin is 
a serine protease produced by Gram-positive bacteria or fungi. 

25 A wide variety of subtilisins have been identified, and the 
amino acid sequence of a number of subtil isins have been 
determined. These include at least six subtilisins from 
Baa&jULaa strains, namely, subtilisin 16s, subtilisin BPS', 
subtilisin Carlsberg, subtilisin DY, subtilisin amylosacchari- 

30 ticus, and mesentericopeptidase {Kurihara et al. , 1972, 
J.Biol.Chem. 247:5629-5631? Wells et al., 1983, Nucleic Acids 
Res. 11:7911-7925? Stahl and Ferrari, 1984, J.Bacteriol. 
159:811-819, Jacobs et al., 1985, Jiucl.Acids Res, 13:8913- 
8926? NedJcov et al., 1985, Biol.Chem. Boppe-Seyler 366:421- 

35 430, Svendsen et al., 1986, FEBS Lett 196:228-232) , one 
subtilisin from an actinomycetales, thermitase from Thermo- 
actinomvces vulgaris (Melours et al. , 1985, FEBS Lett. 1983: 
19S-2O0), and one fungal subtilisin, proteinase K from Tri- 


WO 91/80345 


PCT/DK99/00164 


3 

Ugacfaiu.m 8^ (Jany and Mayer, 1985, Biol.chem. Hoppe-Seyler 
366:584-492) , 

Subtilisins are well-characterised physically and 
chemically. Xn addition to fenowledge of the primary structure 
S (amino acid serenes) of these enzymes, over 50 high resolution 
X-ray structures of subtilisin have been determined which 
delineate the binding of substrate, transition state, products, 
at least three different protease inhibitors, and define the 
structural consequences for natural variation (Kraut, 1977, 

10 Aim.Rev.Bioch.ess. 46:331-358} . 

in the context of this invention, a subtilisin variant 
or mutated subtil isin protease means a subtilisin that has been 
produced by an organism which is expressing a mutant gene 
derived from a parent microorganism which possessed an original 

15 or parent gene and which produced a corresponding parent 
enzyme, the parent gene having been mutated in order to produce 
the mutant gene from which saia mutated subtilisin protease is 
produced when expressed in a suitable host. 

Random and site-directed mutations of the subtilisin 

20 gene have both arisen from knowledge of the physical and 
chemical properties of the enzyme and contributed information 
relating to subtilisin »s catalytic activity, substrate speci- 
ficity, tertiary structure, etc. (Wells et al., 1987, 
Proc . Hatl . Acad. Sci . U.S.A. 84: 1219-1223; Wells et al., 1986, 

25 Phil.^rans.&.Soc.Lond.A. 317:415-423; Hwang and Warshel, 1987, 
Biochem. 26:2669-2673? Sao et al., 1987, Hature 328:551-554). 

Especially site-directed mutagenesis of the subtilisin 
genes has attracted much attention, and various mutations are 
described in the following patent applications and patents: 

30 EP publ. no. 130756 (GEHENTECH) (corresponding to US 

Patent Ho. 4,760,025 (GBNENCOR) ) relating to site specific or 
randomly generated mutations in «oarbonyl hydrolases" and 
subsequent screening of the mutated enzymes for various 
properties, such as k (at /^ 1 ratio, pH-activity profile, and 

35 oxidation stability. Apart from revealing that site-specific 
mutation is feasible, and that mutation of subtilisin BPN' in 
certain specified positions, i.e. "^yr, ^Asp, 1S5 Asn r 10 *Tyr, 
%66 Gly t *His, 1w Sly, m ?he, ^Ser, ffi 'ser, 217 Tyr, m Glu or 
1K Ala, provide for enzymes exhibiting altered properties, this 
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application does not contribute to solving the problem of 
deciding where to introduce mutations in order to obtain * 
enzymes with desired properties. 

BP publ. no. 214435 (HEHKEL) relating to cloning and 
5 egression of subtilisin Carlsberg and two mutants thereof. In 
this application no reason for mutation of 1S8 Asp to 1S8 Ser and 
161 Ser to ^Asp is provided. 

In International patent publication No. WO 87/04461 
(AHGEH) it is proposed to reduce the number of Asn-Gly seguen- 
10 ces present in the parent enzyme in order to obtain mutated - 
enzymes exhibiting improved pH and heat stabilities, in the 
application emphasis is put on removing, mutating, or modi- 
fying the w Asn and the 2ie Asn residues in subtilisin BBJ«. 

International patent publication Ho. WO 87/05050 
15 (GENEX) discloses random mutation and subsequent screening of 
a large number of mutants of subtil isin BP*r for improved 
properties. In the application mutations are described in 
positions 21& Asn, ^Gly, ^Thr, 166 Gly f 11 *Ala, m s&r f ta *Leu, and 
S3 S*r, 

20 In EP application no. 87303761 (GENEHTECH) it is de- 

scribed how homology considerations at both primary and 
tertiary structural levels may be applied to identify equiva- 
lent amino acid residues whether conserved or not. This 
information together with the inventors knowledge of the 

35 tertiary structure of subtil isin BPS' lead the inventors to 
select a number of positions susceptible to mutation with an 
expectation of obtaining mutants with altered properties. The 
positions so identified are: 12 *Met, as *iet» ^Tyr, * 52 &la, t56 Glu, 
166 Gly, m Qly, . TSS> Phe, 217 3yr, also m hsn, %yr, ^Thr, ^Ser, 32 Asp, 

30 ^Ser, w Asp, «SGly, **Ala, **Ser, S W, ^Asn, ^Ser, M I#s, M Val, 
*Leu, w He, 1ta Gly, 178 Lys, 17 4yr, TO Pro, 197 Asp, w Met, ^Ser, 
2B Lys, and ^Ser, which positions are identified as being 
expected to influence various properties of the enzyme. Also, 
a number of mutations are exemplified to support these sugges- 

35 tions. In addition to single mutations in these positions the 
inventors also performed a number of multiple mutations. 
Further the inventors identify ^Gly, &7 His, 126 &eu, ,3S Leu, and 
amino acid residues within the segments 97-103, 126-129, 213- 
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215, and 152-172 as having interest, but imitations in any of 
these positions are not exemplified. 

EP publ. no. 260105 (GENEHCOR) describes Modification 
of certain properties in enzymes containing a catalytic triad 
5 by selecting an amino acid residue within about 15 A from the 
catalytic triad and replace the selected amino acid residue 
with another residue. Enzymes of the suhtUisin type described 
in the present specification are specifically mentioned as 
belonging to the class of enzymes containing a catalytic triad. 

10 in subtilisins positions 222 and 217 are indicated as preferred 
positions for replacement. 

International patent publication Ho. m 88/06624 (GIST- 
mocmm NV) discloses the OKA and amino acid sequences of a 
subtilisin protease designated PBS 2 almost 100% homologous in 

15 the amino acid sequence to the amino acid sequence of Subtili- 
sin 309 

international patent publication no. wo 88/07578 
(GBHEHfcECH} claims mutated enzymes derived from a precursor 
ensyme by replacement or modification of at least one catalytic 

20 group of an amino acid residue. The inventors state that by 
doing so a mutated enzyme is obtained that is reactive with 
substrates containing the modified or replaced catalytic group 
(substrate-assisted catalysis), 

2he general theory is based on amvloligimf^f m 

25 subtilisin (&m*y, where modifications have been described in 
positions that was modified into M Ma alone or in 

combination with a -helper" mutation of Ser-24-Cys. Modifica- 
tions are also suggested in the amino acid residues ^Asp, and 
^Ser, and a "helper" mutation of Ala-48-Glu. 

30 International patent publication *?©. WO 88/08028 

(gehex) discloses genetic engineering around metal ion binding 
sites for the stabilization of proteins. This publication also 
uses Subtilisin BFN< as example and points at the following 
amino acid residues as candidates for substitution ,7Z Pro 

35 (P172D, P172E) , K1 Gly <G13U>) , ^sn (N76D; N76D+P172D(E) ) , ra Ser 
(S78D) . Further, suggestions are made for the combined mutants 
»76D+S78D+G131IM-P172D{E) t K76D+G131D; S78D+G131D? S78D+P172D(E) 
mO S7SD+G131EM-P172D(E3 
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International patent publication No. WO 88/08033 
(AMGEN) discloses a number of subtilisin analogues having a 
Modified calcium binding site and either Asn or Sly replaced in 
any Asn-Gly sequence present in the molecule thereby obtaining 

5 enzymes exhibiting improved thermal and ©H stability. One of 
the calcium binding sites is disclosed as involving the amino 
acid residues 4I As», ^Lsm, 76 &sn, ^Asn, ^er, ^Ile, ^Gly, w Val, 
2 %hr, and 2,4 $yr* other potential calcium binding sites are 
suggested at im &sp, and m Vxo* 1 *Pro, ana ^Gln? and m Pro and 

10 195 Glu or w Aep. Also antating the is *h&n and 21s Asr» positions is 
suggested* Hutants produced are E109S, N109S+N218S, N76tRN109S~ 
+N218S, U7SEH-H770+UXO9S+JJ218S, H76D+-J79B4-NI09S+K218S, 

International patent publication Ho* WO 8B/08164 
(GENEX) describes a method for identifying residues in a 

15 protein which say be substituted by a cysteine to permit 
formation of potentially stabilizing disulfide bonds. The 
method is based on detailed knowledge of the three dimensional 
structure of the protein and uses a computer for selecting the 
positions. In relation to subtilisin proteases, Subtilisin BPM' 

20 was used as a model system. Using the method on Subtilisin BP»' 
resulted in the suggestion of 11 candidates for introducing 
disulfide bonds (1:T22C*S8?C, 2:V2fiOL235C, 3JG47C+P57C, 
4.M50C+H109C, 5iE156CH-T164C, 6:V165C+K170C, 7 : V165C+S191C, 
8:Q206C+A216C,. 9:A230CH-V27OC, 10:X234C+A274C, X1:H2380+W241C) . 

25 Of these 4 were produced (1, 2, 4, and 8} of which 2 did not 
provide any stabilizing effect (2 ana 4} . Further mutants were 
produced by combining two of these mutants with each other, and 
one with another mutation, vis. T220frS87C+M218S, and 
5 f 22C+S87OH2206C+^216C. Also, a number of further unsuccessful 

30 mutants were produced, vis. A1C+S78C, S24C+S87C, K27C+S89C, 
A85C+A232C, I122CH-V147C, S249C*A2?3C, and T253C+A273C. 

Also, it has been shown by Thomas, Russell, and Fersht, 
Mature 318, 375-376(1985) that exchange of **&sp into ^Ser in 
subtilisin BPS' changes the pH dependency of the enzyme. 

35 In a subsequent article 3. mol. Biol. {1987)123., 803- 

813, the same authors also discuss the substitution of 15 *Ser in 
place of t5 *Glu« 

Both these mutations are within a distance of about 
ISA from the active **His» 
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In nature 328 f 496-500(1987) sassel and Persht discuss 
the results of their eai^riments and preset rules for changing 
pH-aetlvity profiles fey mutating an enzyme to obtain changes 
in surface charge. 

5 

isogMscmc ^ fps^ 

The isoelectric point, pl 0 , is defined as the. pH value 
where the enzyme molecule complex (with optionally attached 
Metal or other ions) is neutral, i. e. the sum of electrostatic 

10 charges (nest electrostatic charge, »KBC) on the complex is 
equal to zero. In this sum of course consideration of the 
positive or negative nature of the individual electrostatic 
charges must be taken into account. 

Tim isoelectric point is conveniently calculated by 

15 using equilibrium considerations using pK values for the 
various charged residues in the enzyme in question and then by 
iteration find the pH value where the H3BC of the enzyme 
molecule is equal to zero. 

One problem with this calculation is that the pK values 

20 for the charged residues are dependent on their environment and 
consequently subject to variation. However, very good results 
are obtainable by allocating specific approximate pK values to 
the charged residues independently of the actual value. It is 
also possible to perform more sophisticated calculations, 

25 partly taxing the environment into consideration. 

2&e pl^ way also be determined experimentally by 
isoelectric focusing or by titrating a solution containing the 
enzyme. Also, the various pK values for the charged residues 
»ay be determined experimentally by titration. 

30 

Proteases such as subtil isins have found much utility 
in industry, particularly in detergent formulations, as they 
are useful for removing proteinaceous stains. 
35 At present the following proteases are known and many 

of them are marketed in large quantities in many countries of 
the world. 

Subtil isin hm* or Hovo, available from e.g. SIGM, 
St. hauls, U.S.A. 
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Subtilisin Carlsbarg, marketed by Eovo-Hordisk a/s 
(Denmark) as ALCAIASE* and by IBIS (Holland) as M&XM"ASE®i 

A gaciUug lenfrBS subtilisin, marketed by NOVO INDUSTKI 
A/s (Denmark) as savijsase*,* 
5 Enzymes closely resembling SAYIMASE* such as M&x&CAL* 

marketed by XBXS, and OPTICLEMJ* marketed by KALI CKEMSE 

(FRS) f 

& Bacillus Xentus eubtilisin, marketed by Novo-Nordisk 
a/s (Denmark) as BSPBRASE*? 

10 KAZUSASE® Ktarketed by SHOWA CENKO {Japan) 

To be effective, however, such enzymes must not only 
exhibit activity under washing conditions, but must also be 
compatible with other detergent components daring detergent 
production and storage. 

15 For example, subtilisins may be used in combination 

with other enzymes active against other substrates, and the 
selected subtil isin should possess stability towards such 
enzymes, and also the selected subtilisin preferably should 
not catalyse degradation of the other enzymes. Also, the chosen 

20 subtilisin should be resistant to the action from other 
components in the detergent formulation, such as bleaching 
agents, oxidising agents, etc, , in particular an enzyme to be 
used in a detergent formulation should be stable with respect 
to the oxidizing power, calcium binding properties, and pH 

25 conditions rendered by the non-enzymatic components in the 
detergent during storage and in the wash liguor during wash. 

The ability of an enzyme to catalyse the degradation 
of various naturally occurring substrates present on the 
objects to be cleaned during e.g. wash is often referred to as 

30 its washing ability, washability, detergency, or wash perform- 
ance, throughout this application the term wash performance 
will be used to encompass this property. 

Naturally occurring subtilisins have been found to 
35 possess properties which are highly variable in relation to 
their washing power or ability under variations in parameters 
such as pa. Several of the above marketed detergent proteases, 
indeed, have a better performance than those marketed about 20 
years ago, but for optimal performance each enzyme has its own 
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specific conditions regarding formulation and wash conditions, 
e.g. pH, temperature, ionic strength C~I), active system 
(tensides, surfactants, bleaching agent, etc.), builders, etc. 

As a consequence it is found that an enzyme posses- 
5 sing desirable properties at low pH and low I may he less 
attractive at more alkaline conditions and high I, or an enzyme 
exhibiting fine properties at high pH and high I may be less 
attractive at low pH, low 1 conditions. 

The advent and development of recombinant DNA tech- 
10 nigues has had a profound influence in the field of protein 
cheMistry. 

It has been envisaged that these techniques will make 
it possible to design peptides and proteins, such as enzymes, 
and hormones according to desired specifications, enabling the 
15 production of compounds exhibiting desired properties. 

It is possible now to construct enzymes having desired 
amino acid sequences, and as indicated above a fair amount of 
research has been devoted to designing suhtilisins with altered 

20 properties, Among the proposals the technique of producing and 
screening a large number of mutated enzymes as described in EP 
publ. no. 130756 {GmsmECH} (US Patent No* 4,760,025 
(GEHEtfCGR) } and International patent publ. no. WO 87/05050 
(GEKEX) correspond to the classical method of isolating native 

25 enzymes and screening them for their properties, but is more 
efficient through the knowledge of the presence of a large 
number of different mutant enzymes. 

Since a subtil isin enzyme typically comprises 275 amino 
acid residues each capable of being 1 out of 20 possible na~ 

30 turally occurring amino acids, one very serious draw-back in 
that procedure is the very large number of mutations generated 
that has to be submitted to a preliminary screening prior to 
further testing of selected mutants showing interesting 
Characteristics at the first screening, since no guidance is 

35 indicated in determining which amino acid residues to change 
in order to obtain a desired enzyme with improved properties 
for the use in question, such as, in this case formulating 
detergent compositions exhibiting improved wash performance 
under specified conditions of the wash liquor. 
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A procedure as ©utilised in these patent applications 
will consequently only fee slightly better thaw the traditional " 
random mutation procedures which have been known for years, 

The other known techniques relate to changing speci- 
5 f ic properties, such as tr&nsesterif icati on and hydrolysis rate 
(EP publ. no* 2$010S {GEHESCOE} } , pH~activity profile (Thomas, 
Russell, and Fersht, supra 1 , and substrate specificity (Inter- 
national patent pufol, no* WO 88/07578 {GESENTECH} ) . None of 
these publications relates to changing the wash performance of 
10 enzymes. 

A further technique that has evolved is using the 
detailed information on the three dimensional structure of 
proteins for analyzing the potential consequences of substitut- 
ing certain amino acids. This approach has been used and is 
15 described in BP 260105 (GEKEifCOR) , WO 88/07578 (GENENTECH) , WO 
88/08028 (GENEX) , WO 88/08033 (AMGEN) , and WO 88/08164 (GENEX) 

Thus, as indicated above no relationship has yet been 
identified between well defined properties of an enzyme such 

20 as those mentioned above and the wash performance of an enzyme. 

m unpublished International Patent Application no. 
PCT/DK 88/00002 (NOVO INDOSTRI it is proposed to Use the 

concept of homology comparison to determine which amino acid 
positions should be selected for mutation and which amino acids 

25 should be substituted in these positions in order to obtain a 
desired change in wash performance. 

By using such a procedure the task of screening is 
reduced drastically, since the number of mutants generated is 
much smaller, hut with that procedure it is only foreseen that 

30 enzymes eadsibiting the combined useful properties of the parent 
enzyme and the enzyme used in the comparison may be obtained. 
The problem seems to be that although much research 
has been directed at revealing the mechanism of enzyme ac- 
tivity, still only little is known about the factors in 

35 structure and amino acid residue combination that determine 
the properties of enzymes in relation to their wash perfor- 
mance. 

Consequently there still exists a need for further 
improvement and tailoring of enzymes to wash systems, as well 
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as a better imderstanding of the mechanism of protease action 
in the practical us© of cleaning or detergent compositions. 
Such an. understanding could result in rules which may be 
applied for selecting arafcatiosotf that with a reasonable degree 
5 of certainty will result in an enzyme exhibiting improved wash 
performance under specified conditions in a wash liquor. 


gWtMftSY OF Tffg IHVETOOy 

10 Farther investigations into these problems have now 

surprisingly shown that one of the critical factors in the use 
of snbtili&in enzymes in detergent compositions is the 
adsorption of the* ensyme to the substrate, i.e. the material 
to be removed from textiles, hard surfaces or other materials 

15 to be cleaned. 

Consequently, the present invention relates to muta- 
tions of the subtilisin gene resulting in changed properties of 
the mutant subtil isia enzyme expressed by such a mutated gene, 
whereby said mutant subtil isin enzyme exhibit improved behav 

20 lour in detergent compositions* Mutations are generated at 
specific nucleic acids in the parent subtil isin gene respon- 
sible for the expression of specific amino acids in specific 
positions in the subtilisin enzyiae. 

The present invention also relates to methods of 

25 selecting the positions and amino acids to be mutated , and 
thereby mutatis mutandis the nucleic acids to be changed in 
the subtilisin gene in question. 

*2he invention relates, in part, but is not limited to, 
mutations of the subtilisin 309 and subtilisin Carlsberg genes 

30 and ensuing mutant subtilisin 309 and Carlsberg enzymes, which 
exhibit improved wash performance in different detergent 
compositions resulting in wash liquors of varying pH values. 

Further the invention relates to the use of the mutant 
ensymes in cleaning compositions and cleaning compositions 

35 comprising the mutant enzymes, especially detergent composi- 
tions comprising the mutant subtilisin enzymes. 
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ABBRBVX &TIONS 



AMIKO ACIPS 




A » 

Ala 

■ s- 

Alanine 


V = 

¥al 

m 

Valine 

5 

L * 



Leucine 


I « 

lie 

_ 

Xsoleucine 


P » 

Pro 

as 

Proline 


F * 

Fhe 


Phenylalanine 


W m 

Trp 

m 


10 

M = 

2*et 

» 

Methionine 


G = 

Gly 

as 

Glycine 


s « 

Ser 

Si 

Serine 


T « 

Thr 

M 

Threonine 


C = 

. cys 


Cysteine 

15 

Y = 

Tyr 


Tyrosine 


H - 

&Sn 


Asparagine 


a « 

Gin 


Glutamine 


D « 

Asp 

m 

Aspartic Acid 


E * 

Glu 


Glutamic Acid 

20 

K « 

Lys 


lysine 


R » 

Arg 


Arginine 


H « 

Bis 


Hisrtiaine 


mJCLEIC ACID fiASffS 
25 A - Adenine 
G » Guanine 
C - Gytoeine 
T » Thymine 
0 - Uracil 

30 

HWATlQNg 

in describing the various mutants produced or con- 
templated according to the invention, the following nomen- 
clatures were adapted for ease of references 
35 Original amino aoid{s) position{s) substituted amino acidfs) 
According to this the substitution of Glutamic acid 
for glycine in position 135 is designated as: 

Gly 195 Gltt or G195E 
a deletion of glycine in the same position is: 


(only in DSA) 
(only in HHA) 
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Sly 1SS * or 0195* 

and insertion of an additional amino acid residue such as 
lysine is: 

©ly 195 Slylys or G195GK 
Inhere a delation is indicated in Table I, or present 
in a subtilisin not indicated in Table I, an insertion in such 
a position is indicated ass 

* 36 Asp or *36B 

for insertion of an aspartic acid in position 36 

Multiple saltations are separated by pluses, i.e.; 
Arg 170 3-yr + Gly 195 Gin or K17QY+GI95E 

representing mirations in positions 170 and 195 substituting 
tyrosine and glutamic acid for arginine and glycine, respec- 
tively. 
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TABLE I 


COMF&SXSOSr OF AKXKO SEPggKCE FOR VftKIQPff PiOTS&SEg 


a - subtilisin BPH* fWelis «t al, 1983, .fw) 
b «= subtilisin amylosacsdtiariticas {Kurimara et al, 1972, 
supra* 

10 c = subtilisin 168 (Stahl and Ferrari, 1984, supra 1 

d - subtilisin i^sentericopeptidaee (Svendsan et al, 1986, 

& subtilisin OY (Hedltov et al, 1985, guoxa.) 

f m subtilisin Carlsberg (Smith et al, 1968, mMXsO 
15 g * subtilisin Carlsberg (Jacobs et al, 1985, supra ) 

h m sab tills in 309 (International Patent Application Mo. 

PCT/DK S8/00002) 
1 « subtilisin 147 (International Patent Application No. 

PCT/DK 88/00002} 
20 j « tnenaitase {Heloun et al, 1985, snp.ra.) 

k » proteinase K (Bet Eel et al, 1988, Eur. J. Biochea. 178 s 

155 ff), and Gunkel et al, 1989, Bur., «?. Biochem. 179: 

185 t£ } 

1 » aqualysin (Kwon et al, 1988, Eur. J » Biochera. 173:491 
25 ff) 

m « Bacillus PB92 protease (European Patent Publication Mo. 
0 283 075) 

n - Protease W? (Trltirachiusa album) (International Patent 
Application So. PCT/US8S/01G40) 
30 o> Protease T83 (Tritirachium album) (international Patent 
Application ¥0. PCT/US8 8/01040} 
* - assigned deletion 


35 


continued. . 
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NOi 1 io 

e) *-*-*-*-*-* -*-A-Q-T-*-V-p~y-C-I-F-2 J ~X~K-*-*-*~*-.*~A~D-K- 

15 k) *-*-*-*-*-* ~A~A-0-T-N-A«P~W~G~L-A"5i-I~S~S-T~S -P-G-T-S-T- 

1) *-*-*~*-*-*-A~T~0~S-P-A-M~G~L~D-R-X-D^]R~D-L-P-L-S-.H- 

J») *-*-*-*-*~*-*-A~Q-S-*-V-P-W-G-I-S~R-V~Q~*-*-*--*-*-A-P-A- 

n) *~*~*~±-*-*_A-T-Q-E~D~A~P-«-G-L-A~R-I~S-S-Q-E-P~G-G~T-T- 

0 ) *-*-*~*-*~*~A-£"-Q-R-N~A~P-W-G-L--A-P-I~S~S~T~S-PH3«-T-S--T- 

20 

Not 20 30 40 

b) L-B-S~0-C-Y~T~G~S-N-V-K^V-A-V-I-I>-S~G-X-£>-S-S-H-P-r>--L--*- 
C) L-H-S-Q~G~Y~T-G-S-H-V~K~V-A~V-I-I>~S^-I«J>-S-S-H--P-.I>-L-*- 
25 I<-H-SKJ-G~Y-T-G-S-^-V-K-V-A-V-I-D~SH3~I-I>-S--S-H~P-D-L~*" 
a) V~a~A^-G-Y-K-G-A-K-V-K-.V~G-I-I-D-T-G-I-A~A-S-H--T--D*-]>*- 
£) V^~A^-G-F-K-G-A-N-V"K-~V-A-V-L-D-T-G~I-a-A-S-H-*P--D"I J -*- 

g) V-Q-A-Q-G-F-K~G-A--H-V-.K--V~A-'V--L~D-T-G-I--Q--A-S-H-P--D-L-*- 

h) A-H-H-R-G-Xr-T-G-S-G-V-K-V-A-V-L-D-'i'-G-I-A-S -T-H-F-D-L-* - 
30 i) A-H-S-R-G~I-F^-J?~G~A-R-¥-A-V-I^D~^-G'-I-*-A-S-H-P-I>-Iy-*- 

j ) A-W~*-D-I-A-E-G-S-G-A-»K-X-A-I--V*-D-T-G-V--Q--S-N~H~P-D-L-A~ 
k) Y~Y~Y-D-S~S~A-G«-Q~G-S-C-V-y-V~I-D-'T--G-I--E-A-S-*H-P-E--F-*~ 

35 n) X^-Y-D-I>^-A-G^-G^~C-A-Y-l-I-IKT-G-I-Y-3 , -N-H-T-D'-F-*-' 
o ) Y~R-Y-1>-l>-S~A~G~Q-G-^C~V~y~V-I-D-T-G-V-E--A~S-H-P-E~F~*- 

continued, . . . 
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Ho: 50 €0 

b) ^If-VH^fc^A-SHMM^ 

IS k) *-*-*-E-G-R-A~e~M-V-K-T-X-Y-M-S-S-*-*-R~D-G-M-G-H-G-T-H-C- 

I ) *~*~*~G~G~R~A~S~V~G-Y-D-A-L"G-G~^~G~*~Q~D~C~N~G~H-G-^-H-T7- 
JRJ *-N-I-R-G-G-A-S-F-V-P-G~E-P-*-S-T-*-*-Q-D-G-N-G-H-G-T-H-V- 

II) *~*-*~G-G-R-A-K-F-L-K~H~F-S~G-l>~G-Q- D-T~D-G-N-G-H-G-T*H-¥- 

0) *-*~*-B~G-R-ft-Q-M-V~K-T-Y-Y~A-S-S~* - * -R-D-G~N~G~H~G-^r~H~C~ 

20 

Ho: 70 80 90 

a) A^-^V-A-A-L-*~lf-K-S-IH5-V-L-G-V-A-P-S-A-S-I*-Y--A-V-K-V- 

b) A~G-T-I-A--A-L-*-H-H-S-I--G-¥-I,-G-V-A-P-S--A--S--L--Y-A-V'-K-V*- 
C) AH3-^X-A-A-I^*-S^l?-S~I^6~V-I^G-V~S-F-S-&-S-Ir-Y-A-V-K-V- 

25 d) A~G^^I-A-A-Ir-*~N~K-S-I~G-V~X,-G-V-A-P-S-A-S~L-Y-A-V~K-V- 

e) A-G«T-¥-A-^-I^*-DwN~T^G~ir-L-G~¥~A-P-8--V--S-3>-Y--A--I-K-V*- 

f) A-G-^-A~A-Iy-*-D-H-T^G-V-Ir*G-V^~P~S-V-S-L-Y-A-V"K~¥- 

g) A~G~!JV¥~A~A~I^*~I>8~T-T~G-V-I^G-V-A-P-S-V-S-L-Y-A-V-K-V- 

h) A-G-T-I-A-A-I>*-H~K-S-X~G-V-Ir-G-y~A-P-S-A~E~3>-Y-A-V-E-V- 
30 i) A^~1>I~A-A~I J ~*~H~K~S^I~G~V^3>G'-V-*A--P«-S--A~D-L~Y-A~V~K-V- 

j ) AH3-I-A~A«A~¥^T-H-H-S-T-G-I-A-G^-A-P-K-A-S-I-]>A-V-R-V- 

k) A^T-V-G~S-*~R~*"*~*~*~*-T~Y^G~Y~A~K~K--T-Q-3>-F-G~V~K~V~ 

1) AH^^I^H5-¥-*-*-*-*-*-*-T-Y-G-¥-A~K-A~V-»-3>-Y-A-V-R-V- 
B) A^^~I~A~A~L~*~H^S~I~G~¥-M~¥~A~P~M-A-E~-Ir-Y--A-V-K--V- 

35 11) AH3-T-V-G--G-^--*-*-*»-*-*^-T-Y-G'-V~A-K-K-T-S-L-F-A-¥-K~V- 

0} A-G-T-I-G-S-*-S-*-*-*-*-*-T-Y-G-¥-A-K-K-T-0-I-F-G-V-K-V- 

continued. ♦ « * 
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« . . .Tabls I continued 


Ho: X00 13.0 120 

b) ^-i>-S-^G-S-G^~¥-S^-I-I-HH^I~E-W-*~A-I-A~*-N-N--M--D-*- 
c> l>|>-S-TW5~S^^-y^S~»~I-I~N-G-I~E-W~*-A-I~A~*-N-N^M~D--*- 

10 f) L-S-S-S^~S-G~S-X-S-G-I-V-S-0-I~E~W-*-A~y-3>-*-HH^K-D-*~ 

h) I^Wl-S^-SH>S-V-S-S-I~A-SH2-L~EH^ 

i) L-i>«R~H~G-S-G-S-Ir-A-S-V~A-Q-G'-I-B-W--*-'A-I-H-*~N~H--M-H-*~ 
j ) L~D-N~S~G~S -G-T~W-T~A-V-A~H-G^I^y- *-A-A-D- *-Q-G-A-K~*~ 

la) !^G~A-S-G-S-G-S-V-S-S-I--A--0-G-L~E-W~*-A-G~H--*-N-G-M~H~*- 
n) l^t)-A»H~G^-^S-Sf~SM5-¥-X-A^-H-I>-P~V~T-K-D-A-'S-S-Q-ll-C- 

0) 3>N-D-Q*-G-S-G~Q-Y-5~T-I~I-S-G-J3-D-F-V-A~I?-D~Y-R-N-1?~N~C- 

20 

130 140 

a ) *-*-*-*-V-X-»-M~S-L-G-G-!^SH3~S-A-A-l^K~A-A-V-D~K-A-V-A~ 

b) *~*-*~*-V-I-li-M-S-L-G-G-P~S-G-S-T-A-L~K~ < r~Y--V-|>-K-A-V~S-- 
C) *-*-*-*-v«X-H-M-S~L-G~G-P-T~G~S~T-A-L-K-T--V-.V-D~K-A-V-S- 

25 d) *-*-*-* -V-X-N-M-S-L~G-G-P'-T-G--S-T-A-Ir-K--T~V-V-D-K~A-¥-S" 
e ) *-*~*-*-V-.I~N~M-S-L-G-G-P-S-G-S~ t P-A-3>-K-Q-A~V~D-K-A-Y~A- 
f ) *- *-*-*~V-I-N-«-S~E-G-G-A-S ~G~S«?~&H&HK^-A«V-D-N~&-"Y-A- 

g) *-*~*~*~V-I-»-l3~S~I^-G~P-S-G~S-T~A-M-K-Q-A-V-I>-N-A-Y-A-- 

h) *-*-*~*~V-A-l?^I^S-L^-S-P-S-P-S--A-T~3>E-Q-A--V~N-S-A-T-.S- 
30 i) *-*~*~*-I-I-K-H-S-L~G-S~l'~S-G"S-S-T«~L~E~I^A-V~N-R-A-W-iJ- 

j ) *-*~*~*-V-I-S~L-S-L-G-G-T-V-G-N~S-G-E-Q-Q-A-V-K~Y~A-W-N~ 
fc) P~KH^Y~V~A-S~Ir^-L^^H3~Y-S~S^S^V~!if~S-A~A-A--*-R~Ir-Q~S-- 

1) A**-*-*~V~A-N-H~S~I^^-G-1?-*-S-T~-A-I 1 -D-!3~A*-Y-K-H-.S--J-A-- 
H) *~*-*-*-V~A~^-I^S-L~G~S-p-S-P~S-A-^-L-E--0~A--V-N-S--A~T-S- 

35 ») F~K^~V-V-V-H-M-S-X,"-G-G-P-S-£f-S~A-V-K~R--A~A~A'-*-E-X*-T-S- 
O) P~F-G-V-V-A-S~K~S-2:-G-G~G-Y-S-S-S-V-H'-S-A-A-A-*-K-L-Q-Q~ 

continued. . , , 
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Ho: 150 160 170 

d) S^-X~¥~V~A~A-A~A^H^EH^S-S-^S-1^^ 
10 f) R-G~V~V-¥~V~A-A~AHg-lfr-SH^ 

h) R^-V-I^V-V-A-A~SH3-»-S^-A~*~G-S-I-S-*-*-*-Y-P~A-R-Y-A-: 

i) AH*-X-3>*Ir-V^~AH^^^ 

j ) K-G~S~V~V~V-A ~A~A~-G~N~ A~G~N~T-A- £>-#-*-*-*-* ~Y~P~A~Y ~Y~S - 
15 fc) S-G-V-«[-V-A~V--A~-A"G--ir"H-"N-A~D-A-R-N-Y-S-*-*-*-P-A~S-B~P- 
1) A-G-V-V-Y~A-V-A-A-G~H~D~H-A-K~A~C~N~Y~S~*~*~*~P~A~R-«V~A- 
m) R-G-V-L-V-V-A-A-S-G-H-S-G-A~*-G-S-I-S"*-*-*-Y-P-A-R-Y-A- 
n ) AM?-L-P-*2>A«-V-A-A-G'-I? , -'E-'A-T-D-A-S-S~S--S * -* -P-A-S-E-E- 
O) S~G-¥-K-V-A-V-A-A-G-N-N~H~A~D~A~R-N-X-S--*-*-*-P-A-S--E-S- 

20 

No: 180 ISO 200 

a) S-¥-I-A-V»G-A-¥-D-S~S~»-0~lt~A-S-P-S-S'-V-G-P-E-l>-rKV-M-A- 
fo) g^-X-A-V~G-A-¥-M-S-S-»^-R-A-S-F-S-S"A-G-S-B-L-I>--V--lI»A- 

0) S-T-I-A-¥H^A-V-Sr-S-S-K-a-H~A-S-F«S~S~A^~S~E~I^D--V«-3M*-A*7 
25 d) S-T~l-A-V^-A-V~lf~S-A^M-R"A~S-F-S-S-A^-S-E-Ir-D«V~M--A-- 

e) S-V- J -A-V-G-A-V-D-S -N-K-K-R-A-S-F-S~S~¥~G~A~E~L-S-V-K-A- 

f) S-V-I-A~V-G~A~V-D-S-N-S-H-R-A-S-F~S~S-¥*-G-A-E-Ir-E-V~M-A- 

g) S-¥-I-A-¥-G-A-V~D-S-N-S-Ii»R-A~S-F-S-S-V-G-A-E-L-E-¥-iS-A- 

h) N-A-M-A-V-G-A-T*-D«-a-N-ir--fI»R-A-S-F-S-Q-Y-G-A-G-L-D-I-V~A- 
30 i) G~V~H~A~V->A~A~V~D~Q~N~G~a-S-A~S-F-S-T-Y-G-P-E-I-E-I-S-A- 

j ) K-A-X-A-V-A-S-T-D~0-S-D--W-K-S-S--F-S-T--Y^G--S--V~V-I>-V-A-A- 
fc) S-V-C-T-¥^~A~S~l>-R-Y~D-R-R-S-S~F~S~H~Y~G~S~V~l>-I>~I~F--G~- 

1) E-A-L-T-¥-G-A-T-T-S-S-D-A~R~A~S-F~S"-H~Y~G-S-C~V-I>~L~F~A- 
m) H-A-M-A--¥^-A-T-D-Q-«~H~N~R~A~S~F~S~a-^~G~A^L~I>-I~V--A~ 

35 n) S~A^^-¥-GHBHr-I>*KH^-^ 

o) s-l-C^-V-G-A-T-D-R-Y-D-R-R-S-S-F-S-N-Y-G-S-V-L-D-I-P-A- 

eontimted, . * , 
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N«n 210 220 

C ) P~G-¥-S~I^-S~^I^p^H3-*~T-*H^-A^^^ 
d) P~S-V-S~I^-S-!^~P^H^~*-^ 

h) p-G-V-N~V~Q-S-T"-Y~P~G~S-*-T-*-V--A-S-I,--K-G~T'-S-M--A-T--P~H-- 

j ) P~G-S--W-I-Y~S-T-Y-P~T~S-*~T~*-Y-A-S-L-S~G-T-S-H-A-T-P"H- 
15 k) P-G~T-S~I-L-S"T~W~I-G-G~*-S-*-T-R-S-I~S-G-T-S-K-A-T-P-H~ 
1) P-G~A~S-I-P-S-A~W-~Y~T~S-D-^^A-T^-T-t-i?~G~T-S-M~A-T-P--H- 
Bl) P~G~V~N-V-0-S-T-Y-P-G-S~*~T-*-Y-A~S-I,-H-G-T-S-M~A-T~P-H- 
Jl) P-G-T-D~I-K~S-T~W-N-D~G~K'-T-K-I-I-S-*-*~G-*P~S-M--A-'S~P-H-- 
O) p-G~2*-D-I-I^S-T~W~I~G-G-S~T~R-S-I-S-*~*-G~T-S-M~A«T-P-H- 

20 

Ko: 230 240 250 

a) V-A^~A--A--A~L-I-2>S--K-H-P~H-W-1?-I«-T--Q-V-S--S~S-I^E-H-T--T- 
fo) V-A-G-A-A-A-L-I-L~S-K-H-P-T-W-T-M-A-Q-V-H-0-R-l>K--S-T-A- 
C) ?~A-G-A~A~A-I,-I-L-S~K-H-P-T-W- , r-N~A~<3-Y-P~J>.R*-L-E-S-T-A- 
25 d) V-A-G-A-A~A-L-XwL-S-K-H-P-T-5(?-T-N~A-Q-V~R-X>-R-L-E-S-T~A- 
©) V~A-G-A"A-A-L-I-L~S-K-Y-P-T-J J -S-A--S-Q-V~R~N--R-.L-S~S-T-A- 

f) V~A~G~A~A-A~Ir-I-X^S~M-P-N-L~S-A^^^^ 

g) V-A-G-A-A-A-tr-I-Ir-S -K-S-P-K-L-S-A-S-Q-V-R-U-R-L-S-S -T-A- 

h) V-A~G-A-A-A-L-V-K-Q~K~K~ P~S~W~S-H-V-Q~ 1 -R-&-H~L~K-N-T~ A~ 
30 i) V-AHS-V-A-A-L-V-K-S-P-Y-P-S-Y-T-M-N-Q-I-R-Q-R-I-H-Q-T-A- 

j ) V-Ah5-^~A-^I^I^a~S-Q-^P-S-^ 

k) V-A-G-M-A-Y-I^M^-L^-K-T-T-A~A-S-A--C-R-*-Y"-I-A-D-T~A~ 
1 J V-A~G~V-A-A~I ) -Y~L-E-Q-^-p-S-A-T-P-A-S~^~A~S-A~I-.L-N-G~A~ 
a) V-A~0-A~A-A-I^¥-K^-XHS-P^ 
35 n) V-A-G-M-A-Y-F-M-^-G-Q-K-V-Q-G-L- * ~C~D-*~Y-M-V-:E-K-G- 
O) V'-A~G-I 1 -A--A-Y-L-M-T-l ( --G-R~A-T-A--S-H--A-C-R-*-Y-l~A-Q-T-A- 

continued. . . . 
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HOI 260 270 275 

i) T-Y-L-G--S-P-S--]>Y~*~G~J}~G~L-V--H'-A-G~R~A-T-Q 
j ) r^K~I-SH^T-^-T--Y~W--A-K-G-R-V-H-A-Y-K-A-V-Q--Y 
15 k) N-K-G-D-L-S-N-'I-'P-F-G-T-^-N-L-L-A-Y-H-N-Y-Q-A 

1 ) T^~G-S-L-S~G~I~G-S-G-S-P-K-R-L-L-Y-S-l ( -i t -S-S-G~S~G 
m) T-S-t-G-S-T--K-»3>Y-»*-G-S-G-L-V-H-A-S-A-A-- , | , -]R 

O) K^H3-D-i^S-K-I-S-F-G-T-V-N-l.-A-'Y~H~N-Y-Q-G 

20 


bri^p psscpypTyo^ of rm vmn.m 

*£he invention is described further in detail in the 
following parts of this specification with reference to the 
25 drawings wherein: 

Figure 1 shows the construction of plasmid pSX88, 
Figure 2 shows a restriction map of plasmid pSX88, 
Figure 3 exejsplifies the construction of the mutant 
subtilisin 309 genes for expressing the enzymes of the in- 
30 vention, 

Figure 4 shows the restriction map for plasmid pSX92, 

and 

Figure 5 graphically demonstrates the relationship * 
between pH of maximum performance and calculated pi of the 
35 mutant ensymes of the invention. * 
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Above it was stated that the invention relates to 
mutated subtilisins in which the amino acid sequence has been 
changed through mutating the gene of the subtilisin enzyme, 
which it is desired to modify, in codons responsible for the 
5 expression of amino acids located on or close to the surface 
of the resulting ensyme,. 

In the context of this invention a subtilisin is 
defined as a serine protease produced by gram-positive bac- 
teria or fungi, xn a more narrow sense, applicable to many 

10 embodiments of the invention, subtilisin also means a serine 
protease of gram-positive bacteria. According to another 
definition, a subtilisin is a serine protease, wherein the 
relative order of the amino acid residues in the catalytic 
triad is Asp - His - Ser {positions 32, 64, and 221) , In a 

15 still more specific sense, many of the embodiments of the 
invention relate to serine proteases of gram-positive bacteria 
which can be brought into substantially unambiguous homology 
in their primary structure, with the subtiiisins listed in 
Table I above, 

20 tfsing the numbering system originating from the amino 

acid sequence of subtilisin BR?*, which is shown in Table I 
above aligned with the amino acid sequence of a number of other 
known subtiiisins, it is possible to indicate the position of 
an amino acid residue in a subtilisin enzyme unambiguously. 

25 Positions prior to amino acid residue number l in subtilisin 
BPHt aligned a negative number, such as ~6 for the 

N-terminal t in thermitase, or 0, such as for the ^-terminal 
A in proteinase K. Amino acid residues which are insertions in 
relation to subtilisin Bm* are numbered by the addition of 

30 letters in alphabetical order to the preceding subtilisin BPK 1 
number, such as 12a, 12b, i2 C , I2d, I2e for the -insert* s- 
T-S-p-g in proteinase K between t2 ser and t3 Tbr, 

Using the above numbering system the positions of inte- 
rest are i 

35 1, 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, 18, IS, 20, 21, 22, 24, 
25, 27, 36, 37, 38, 40, 41, 43, 44, 45, 46, 49, 50, 51,' 52 [ 
53, 54, 55, 56, 57, 58, 5S, 60, 61, 62, 75, 76, 77, 7S, 79^ 
87, 89, 91, 94, 9?, 98, 99, 10O, 101, 103, 104, 105, 106, 107,' 
108, 109, 112, 113, 115, 116, 117, 118, 120, 126, 128, 129 ! 
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130, 131, 133, 134, 136, 137, 140, 141, 143, 144, 145, 146, < 

155, 156, 158", 159, 160, 161, 162, 163, 164, 165, 166, 167, 

170, 171, 172, 173, 181, 102, 183, 184, 185, 186, 188, 189, 

191, 192, 194, 195, 197, 204, 206, 209, 210, 211, 212, 213, 

5 214, 215, 216, 217, 218, 235, 236, 237, 238, 239, 240, 241, 

242, 243, 244, 245, 247, 248, 249, 251, 252, 253, 254, 255, 

256, 257, 259, 260, 261, 262, 263, 265, 269, 271, 272, 275. 

ISOELECTRIC POINT ful^ l 
10 assisting that the substrate under washing conditions 

has an electrostatic charge opposite to that of the enzyme, it 
might he expected that the adsorption and thus the wash 
performance of the enzyme to the substrate would be improved 
by increasing the net electrostatic charge, NEC, of the enzyme. 
15 However, it was surprisingly found that a decrease in 

the SEC of the enzyme under such circumstances could result in 
an improved wash performance of the enzyme. 

stated differently, it was found that changing the 
isoelectric point, pX 8 , of the enzyme in a direction to 
20 approach a lower pH, also shifted the pH of optimum wash 
performance of the enzyme to a lower value, meaning that in 
order to design an enzyme to a wash liguor of low pH, in which 
the enzyme is to be active, iatproveaient in the wash performan- 
ce of a known subtilisin enzyme may be obtained by mutating the 
25 gene for. the known subtilisin enzyme to obtain a mutant enzyme 
having a lower pX a » 

This finding led to experiments showing that the 
opposite also is feasible. Meaning that a known subtilisin 
enzyme may also be designed for use in high pH detergents by 
30 shifting its pl c to higher values, thereby shifting the wash 
performance pH optimum for the enzyste to higher pH values. 

2he present invention therefore in one aspect relates 
to mutated subtilisin proteases, wherein the net electrostatic 
Charge has been changed in comparison to the parent protease 
35 at the same pH, and in which proteases there are, relative to 
said parent protease, either fewer or mere positively-charged 
aaino acid residue (sj and/or more or fewer negatively-charged 
amino acid residue <s) , or more or fewer positively-charged 
amino acid residue (s) and/or fewer or more negatively-charged 
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amino acid residue <s} among the asino acid residues at any one 
or more of positions 

If 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, 18, 19, 20, 21, 22, 24, 
25, 27, 36, 37, 38, 40, 41, 43, 44, 45, 46, 49, 50, 51, 52] 
5 §3, 54, 55, 56, 57, 58, 59, 60, 61, 62, 75, 76, 77, 78, 79^ 
87, 89, 91, 94, 97, 98, 99, 100, 101, 103, 104, 105, 106, 107, 
108, 109, 112, 113, 115, 116, 117, 118, 120, 126, 128, 129, 
130, 131, 133, 134, 136, 137, 140, 141, 143, 144, 145, 146, 
155, 156, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 

10 170, 171, 172, 173, 181, 182, 183, 184, 185, 186, 188, 189, 
191, 192, 194, 195, 197, 204,. 206, 209, 210, 211, 212, 213 ] 
214, 215, 216, 217, 218, 235, 236, 237, 238, 239, 240, 24l[ 
242, 243, 244, 245, 247, 248, 249, 251, 252, 253, 254, 255^ 
256, 257, 259, 260, 261, 262, 263, 265, 269, 271, 272, 275, ' 

15 and whereby said subtilisin protease has an isoelectric pH 
(pi.) lower or higher, respectively, than that of said parent 
protease . 


In a preferred embodiment the invention relates to 
20 mutant snbtilisin proteases, wherein the mc has been changed 
in comparison to the parent protease at the same pH, and in 
which proteases there are, relative to said parent protease, 
either fewer or more positively-charged amino acid residue (s) 
and/or acre or fewer negatively-charged amino acid residue Cs) , 
25 or either more or fewer positively-charged amino acid resi- 
due (s) and/or fewer or more negatively-charged amino acid 
residue <s) , a»ong the amino acid residues at any one or more 
of positions 

1, 2, 3, 4, 14, 15, 17, 18, 20, 27, 40, 41, 43, 44, 45, 46, 
30 51, 52, 60, 61, 62, 75, 76, 78, 79, 91, 94, 97, 100, 105, 106, 
108, 112, 113, 117, 118, 129, 130, 133, 134, 136, 137, i41 ] 
143, 144, 145, 146, 165, 173, 181, 183, 184, 185, 191, 19 2 ! 
206, 209, 210, 211, 212, 216, 239, 240, 242, 243, 244, 245,' 
247, 248, 249, 251, 252, 253, 255, 256, 257, 259, 263, 269, 
35 271, 272, 

and whereby said subtilisin protease has an isoelectric pH 
(pl w ) lower or higher, respectively, than that of said parent 
protease. 
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m another preferred eB&odJjswsnt the invention relates 
to mutant sufetilisin proteases, wherein the NBC has been 
change*! in comparison to the parent protease at the same pH, 
and in which proteases there are, relative to said parent 
5 protease, either fewer or sore positively-charged amino acid 
residue (s) and/or more or fewer negatively-charged, amino acid 
residue (s) , or either »ore or fewer positively-charged amino 
acid residue (a) and/or fewer or more negatively-charged amino 
acid residue (s) , among the amino acid residues at any one or 
10 more of positions 

1, 2, 3, 4, 14, 15, 17, 18, 20, 27, 40, 41, 43, 44, 45, 46, 
SI, 52, 60, 61, 62, 75, 76, 78, 79, 91, 94, 97, 100, 105, 106, 
108, 112, 113, 117, 118, 129, 130, 133, 134, 136, 137, 141, 
143, 144, 145, 146, 165, 173, 181, 183, 184, 185, 191, 192, 
15 206, 209, 210, 211, 212, 216, 239, 240, 242, 243, 244, 245, 
247, 248, 249, 251, 252, 253, 255, 256, 257, 259, 263, 269, 
271, 272, 

and at least one farther mutation affecting an amino acid 
residue occupying a position chosen from tJie group of posi- 
20 tions 

1, 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, 18, 19, 20, 21, 22, 24, 
25, 27, 36, 37, 38, 40, 41, 43, 44, 45, 46, 49, 50, 51, 52, 
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 75, 76, 77, 78, 79, 
87, 89, 91, 94, 97, 98, 99, 100, 101, 103, 104, 105, 106, 107, 

25 108, 109, 112, 113, 115, 116, 117, 118, 120, 126, 128, 129, 
130, 131, 133, 134, 136, 137, 140, 141, 143, 144, 145, 146, 
155, 156, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 
170, 171, 172, 173, 181, 182, 183, 184, 185, 186, 188, 189, 
191, 192, 194,. 195, 197, 204, 206, 209, 210, 211, 212, 213, 

30 214, 215, 216, 217, 218, 235, 236, 237, 238, 239, 240, 241, 
242, 243, 244, 245, 247, 248, 249, 251, 252, 253, 254, 255, 
256, 257, 259, 260, 261, 262, 263, 265, 269, 271, 272, 275, 

and ifherefcy said sufetilisin protease has an isoelectric pH 
35 (pl e > lower or higher, respectively, than that of said parent 
protease* 

Xn these aspects the invention in short relates to 
mutant proteases in which the pl 0 of the mutant protease is 
lower than the pl Q of the parent protease, and in which the pH 
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for optimum wash performance is also lower than the pH optimum 
fox the parent protease? or mutant proteases wherein the pl ft of 
the mutant protease is higher than the pi, of the parent 
protease, and in which the pH for optimum wash performance is 
s also higher than the pH optimum for the parent protease. 

It is generally believed ^Thomas, Russell , and Fersht, 
JESSES) that kinetic properties can be influenced by changes in 
the electrostatic surface charge in the vicinity of the active 
site in the enzyme, hut it has now surprisingly been found that 
10 changes in the Kinetic properties of an enzyme can also be 
brought about by modifying surface charges remote from the 
active site. 

Consequently the invention is also considered to 
IS embrace mutant subtil isin enzymes, wherein one or more amino 
acid residues in a distance of more than isA from the cataly- 
tic triad of said enzyme has been changed in comparison to the 
amino acid sequence of its parent enzyme, and in a way to 
provide for a mutant protease having an isoelectric point 
20 («<px 0 ) shifted in the same direction as -it is desired to shift 
the pH for optimum wash performance of the enzyme, which pH 
optimum should he as close as possible to the pH of the wash 
liquor, wherein said mutant protease is intended for use. 

25 According to several embodiments of the invention, 

there are provided mutant proteases and detergent compositions 
containing them, wherein the amino-acid sequence of the mutant 
protease contains an insertion mutation at position 36, for 
example to insert a negatively-charged amino-acid residue (e.g. 

30 D or E) or a neutral polar residue (such as h, Q, or N) or a 
positive amino-acid residue, such as St or K. 

Shis is particularly applicable for example to 
ssubtilisin proteases 309 and 147 and PB92, and any other 
sequence for which the homology indicates that it naturally has 

35 an amino-acid residue missing at position 36 relative to the 
sequence of subtilisin Bm* . 

insertion mutants at position 36 can have further 
mutations, for example at one or more of positions 120, 170, 
195, 235, and/or 251, and/or at position 76- 
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Suitable mutations at position 76 are e.g. negatively 
charged residues such as K76D or H76B. 


5 Mutations at position 36 (especially insertion of 

negative or polar neutral residue) ana at position 76 (substi- 
tution by negatively-charged residue) can often nave stabili- 
sing effect on the autant protease, and can be used in 
combination- Mutations at for easaasple one or more of positions 
10 120, 170, 195, 235 and 251 have been found to be associated 
with increased enzyme activity. Even in cases where these 
latter mutations are associated individually with some loss of 
stability it can be acceptable and useful to combine them with 
mutations at one or both of positions 36 and 76, 

15 

Among; useful examples of such protease mutants are 
those having the following mutations: 


S-021) *36B 

20 S-0223 *36»*SX70Y-H£195E+K251B 

J3-023) *36D+H120I>+E170Y+<3195E+K235L 

8-024} *36D+H120EH-R170Y+6195B+K235L+K251E 

S-025) *36IM-H120J>H3195B+K235L 

S-235) *36D+»?6D 

25 S-035) *36D+F76£H-H120£H-G195E+K235L 


Onder some conditions it can be advantageous to arrange 
a farther mutation in a mutant protease having an insertion of 
30 a negative amino-acid residue at position 36, to insert a 
positive charge elsewhere in the molecule. Dhis can increase 
the water solubility of the resulting mutant protease, e.g. 
where the further mutation provides a positive charge, e.g. a 
positively-charged residue at position 213, e.g. T213K. 

35 

According to the invention it is further preferred that 
the mutant subtilisin enzyme represents a Mttation of a parent 
enzysta selected from subtilisin SW, subtilisin amylosac- 
chariticus, subtilisin 168, subtilisin aesenter icopeptidase , 
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subtiiisin Carlsberg, subtilisin DY, subtilisin 309, subti- 
lisin 147, thersiitase, Bacillus PB92 protease, ana proteinase 
K, preferably subtil isin 309, sufotiliein 147, subtillsin 
carlsberg, aqualysin, Bacillus FB92 protease, Protease TW7, or 
5 Protease TW3. 

Further preferred embodiments comprise subtillsin 
enzy»es containing one or nore of the mutations s 
R10F, R10L, R10F+R45A+ES9S+E136(HR145A+D181N+R186P+E271Q, 

10 R10F+R19Q+B89S+E13 6Q+R145A+D181N+E271CH-R275Q , Q12K, Q12R, 
Q12K+F14D*T22K+H43S*Q59E+H76D+A9SS+S99D'f-S156E+A158R+A172I>t. 
N173K+T213M2481WP255E+-S256K+S259m-A272R, Q12R+P14I>H?22R+H43R+ 
Q59E+I06I>fA98R+S99IH-S156E+A158R^172!>l-N173K^213R+N248I>^T255K+ 
3256K+S259IHA272R, Q22K+P14D+T22K+T38K+N43R+Q59E+H76D+A98R+ 

15 S9»D+S3.5«B+A158R+A172D+»173K+T213R+N248t>+T255E+S256K+S259+ 
A272R, Q12S+P14D+T22R+T38R+-H43K+C>59E+»76IH-A98R+S99D+$156E+ 
Al58R+A172rH-Nl73K+T213S+N248D+T255E-fS256K-fS259D-fA272R, Q12K+ 
P14IH-T22E+T38K+H43R+Q59E+K76D+A9SR+S 99JHH120D+N14 0 D+S 14 1R+ 
S15SE+A158R+A172D+W173K-t-T213R+K248D-^T255B+S256K+S259D+A272R, 

20 C12H+P14J^Y22»+T38»+S43R*Q59E+H76£H-A98R4-S99IHH120EH-N1401H 
S141R+S156E4-A15SR+A172D+K173K-fT213R+K248!>+ , !'255E+S256K'»-S259m' 
A272R, P14B, P14K, P14X+*361>, F14K+H218D, P14K+P129D, A15K, 
A15R, R190, T22K, T22R, K27R, K27V, D32*, *36D, *36D+R170Y+ 
G195E+K251E, *36D^H1201>+R170y+G19SS+]K235L, *36D+H120£>fR170Y+ 

25 G195E4-K235b+K251E, * 3 6D+KX20I>f G195E+K23 5L, T38K, T38R, D41E, 
N43R, N43K, R45A, E53R, B53K, E53G+K235L, E54G, E54Y, Q59E, 
Q59B+H76D+A98R+S99D+S156E+A158R+A172D+H173K4T213R+N248D+ 
T255B+S256K*S259I>*A272R ,D60N, H76D, E89S, E89S+K251N, Y91F, 
K94E, G97D, G97D+H12GK, A98K, A98R, S99D, S99D+H140K, E112T, 

30 H120K, E120D, B220D+K235L, B120EH-GX95B+K235L, H120D+R170Y+ 
G195E+K235L, H120JHR170Y-NS195B+K235L*K251E, P129D, E136Q, 
E136K, B136R, B136Q+R10X,, H140D, N140K, K140R, S141K, S141R, 
R145A, S156B, S156E+A158R+A172D+N173K, S156E+ A158R+A172D+ 
»i?3E>£213R # S15SE+AlS8R+Al?2EH-H173K:+2 , 213R+H248D+1f25SE+ 

35 S256K+S259m-A272R, A158R, AX58K, YXS?^, R170Y, R170Y+G195E, 
R170Y+K25XE, R170Y+G195E+K251E, RX70Y+G195E+K235L, Y171E, 
Y171f, A172D, N173X, D181B, K184K, N184R, NX85D, R186P, Y192V, 
Y192V,A, G195E, G195D, G195B+T213R, G195E+K251E, G195E+K235L, 
D197H, D197K, D197E, Q206D, Q206E, Y209L, T213R, T213K, Y214T, 
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Y214S, miBD, miSS, K235L, K235R, K237R, W241¥,L, W241Y+H249R, 
W241L+H249E, H248D, H2493?, K251R, K251E, X251N, T255E, 8256R, * 
S256K, S259L, S259D, Y2S3W, S265K, S265R, B271Q, E271G, E271G+ 
K27V, B2?1Q,0, A272R, A272R, B275Q, 
5 D14K, BI4K+DX20X, D14K+D12OK+B140K:, D14K+DX2 0K+D14 0K+D172K, 
X27P, K27£H-Oa.20K^ B54T, E54Y f S97B, H97D+S9S3), N97D+T213D, 
S98D, S98D+T213D, D12GX, D140K, S156E, D172K, T213D, N218D. 


F«rt&er specific preferred eabodiwens are mutated 
10 subtilisin proteases comprising one or more of the mutations; . 


S001) 


SO02) 

G195D 

S003) 

3&70Y 

S004) 

R170Y+G195E 

S005) 

K251B 

S006) 

H120B 

£-008) 

H120D-H3195E 

S009) 

- T71B 

S010) 

T71D-H3195E 

SOU) - 

H170Y+K251E 

SQ12) 

R170Y-H3195E+K251E 

S013) 

T?1D+E170Y*K251£ 

SD14) 

T71D+R170Y-HS195E+K251E 

S015) 

K2351. 

S016) 

H1201D+K235L 

S0173 

H120JHG195E4-K235L 

S018) 

S195E+K251-E 

S019) 

H120IHR170Y-K3195E+K235X, 

S020) 

H12OEH-B17OY+0195E4-K235L+K251E 

S02X} 

*3SD 

S022) 

*3«D+H1?0Y+S195E+K2S1E 

S023) 

*36D+H120D+R170Y-KS295E+K235X< 

S024) 

*36m-H120D4-R170Y+G195E+Jt23Srrf-K251E 

S025} 

♦36D+H120D+G195E+K235I. 

S026> 

E13SR 

S02?) 

E85S 

S028) 

DlBltJ 

SG29) 

E89S+EX36R 

S030) 

E89S4-D18X& 
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S03X) B197!f+E27X$ 

5032) D197U 

5033) E271Q 

S035) *36B+!t76D*H120J>H£L95E*K235L 
5 S041) G1S5P 
S20X) 

5202) N761>fG195E 

5203) N76»+S170¥+G195E 

5204) H120i>«31SS£+O35I^K251B 

10 S223) Q59B-fH76D-l-A98R+S99l>+T213K+K235lH-N248D+T255E+ 
S256K+S259IH-A272R 
S224) Q59E43TC61KA98R+S99IH-H12 0O+N140D+S341R+K235IW- 

K24BIHS255S*S256K+S25&I>fA2723t 
S225 > *36D+059E+N76D+A98R+S99D+RX70Y+S156E+A158R+ 

15 A172D+N173R+K235L+K248D+T255E-eS256K+S259D+ JOT 

5226) *36Q 

5227) *38D+Q59E+N76D+A98R+S99D+H120D+K140D+S141R+ 
R170Y+G195E+K235L+N248D+T255E+S256K+S259D+ A272R 

5228) *36D+Q59E+876D+A983R+S99D+H120D+W140D+8141R+ 
20 S15€E+AX58R+A172D+N173K4K235L+N248D+T2 5 5E+ 

S256K+S259D+A272R 

5229) Q5SS-t-S7SD4.A98R+S99D-f-H1201>fSl40D+S14lR+S156E+ 
A158R+A172iM-Kl?3K+K235&fN248EH-T255E+S256K+ 

S259D+A272R 

25 S234) Q206D 

S235) *36B+K76& 

S242) *35Q+K76D+Hi20D+GI95E4-K235L 

C001) B14K 

CO02} D120K 

30 C003> D140K 

C004) D14K+D12GK 

COOS) K27D 

C006) K27IH-Di20K 

C008) D172K 

35 C009J B14K*D120K+DX40K 

C010) DX4K+D120K4D140K+D172K 

00X3} H97D 

C014J S98D 

C015) T213D 
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C017) 

S156E 

C018) 


C019) 

N97IHT2X30 

€022} 

S98D+T213D 

C02S) 

N2XaT> 

C100) 

BID 

C101) 

E54T 

C102) 

- E54Y 


10 In a further aspect of the invention the above observa- 

tions about the pl 0 are further utilized in a method for 
determining or selecting the position (s) and the amino acid(s) 
to be deleted, substituted or inserted for the amino acid(s) 
in a parent enzyme, whereby the selection is performed in a way 

IS whereby the calculated net electrostatic charge («HEC) in a 
resulting mutant enzyme has been changed in comparison to the 
NEC in the parent enzyme of choice calculated at the same pH 
value. 

20 Another way of expressing this principle covered by 

the invention is that the position (s) and the amino acid(s) to 
be deleted, substituted or inserted for the amino acid(s) in 
said parent enzyme is selected in a way whereby the total 
number of charges or total charge content <«TCC) , and/or the 

25 NEC in a resulting mutant enzyme is changed in a way to provide 
for a mutant protease having an isoelectric point (»pl 0 ) 
shifted in the same direction as it is desired to shift the pH 
for optimum wash performance of the anayme, which pH optimum 
should be as close as possible to the pH of the wash liquor, 

30 wherein said mutant protease is intended for use. 

As indicated above the pl c of a macromolecule such as 
an enzyme is calculated as the pH where the NEC of the molecule 
is egual to zero. The procedure is exemplified in the examples 
35 below, but the principles are described in more detail here. 

pK values are assigned to each potentially charged 
amino acid residue. $hen the ratio of the occurrence of an 
amino acid residue at a given pH in charged or uncharged form 
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{chased/uncharged, C/0(i}} is calculated for both negative 
and positive charge, by using the formulae Xa and lb: 

C/t?{i) - exp(ln 13 {pH-pKj)} (negative charge) (la) 

S 

C/u(i) - exp(ln 50 {pK r pH)} (positive charge) (lb) 
respectively . 

From formulae Xa and lb it is seen that at pH equal to 
10 pKj, C/D{i) is egual to X, 

Then the relative charge, Q r {i) , or charge contribu- 
tion allocated to each charged residue is calculated by using 
the formulae Xla and lib: 

15 Q r (i) - C/U(i)/(l+c/0(i)) (negative charge) (Ha) 

Q f U) « -C/U(i}/a+C/0{i}) {positive charge) (lib) 

pH value where the sum of all the charge contri- 
20 but ions from the charged residues is equal to zero is found by 
iteration or through interpolation in a sufficiently dense 
pH-charge sua table, 

PlfflSCTfT CCHFOg mONS COMPRISING THE MOTMTT ENZYMES 
25 33ie present invention also comprises the use of the 

mutant enzymes of the invention in cleaning and detergent 
compositions and such composition comprising the mutant 
subtilisin enzymes. 

Such compositions comprise in addition to any one or 
30 more of the mutant subtil isln enzymes in accordance to any of 
the preceding aspects of the invention alone or in combination 
any of the usual components included in such compositions which 
are well -known to the person skilled in the art, 

Such components comprise builders, such as phosphate 
35 or zeolite builders, surfactants, such anionic, catiooic or 
non-ionic surfactants, polymers, such as acrylic or equivalent 
polymers, bleach systems, such as perborate- or amino-contai- 
mimg bleach precursors or activators, structuramts , such as 
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silicate sl^mcturants, alfcali or acid to ad just pH, humee- 
tants, and or neutral inorganic salts. 

In several useful ei*a»odiments the detergent costpo- 
5 sitions can be formulated as follows! 

a) A detergent composition formulated as a detergent 
powder containing phosphate builder, anionic surfactant, 
nonionic surfactant, acrylic or equivalent polymer, perforate 

10 bleach precursor, aiaino-containing bleach activator, silicate 
or other structurant, alfcali to adjust to desired pH in use, 
and neutral inorganic salt. 

b) A detergent composition formulated as a detergent 
15 powder containing zeolite builder, anionic surfactant, nonionic 

surfactant, acrylic or equivalent polymer, perborate bleach 
precursor, amino-containing bleach activator, silicate or other 
structurant, alfcali to adjust to desired pB in use, and neutral 
inorganic salt. 

20 

c) A detergent composition formulated as an aqueous 
detergent liquid comprising anionic surfactant, nonionic 
surfactant, humect ant, organic acid, caustic alfcali, with a pH 
adjusted to a value between 9 and 10* 

25 

d) A detergent composition formulated as a nonaqueous 
detergent liquid comprising a liquid nonionic surfactant 
consisting essentially of linear aUcoxylated primary alcohol, 
triacetin, sodium triphosphate, caustic alfcali, perborate 

30 Monoitydrate bleach precursor, and tertiary amine bleach 
activator, with a pH adjusted to a value between about 9 and 
10. 

e) A detergent composition formulated as a detergent 
35 powder in the form of a granulate having a bulk density of at 

least 550 g/1, e.g. at least 600 g/1, containing anionic and 
nonionic surfactants, e.g. anionic surfactant and a mixture of 
nonionic surfactants with respective alkoxylation degrees about 
7 and about 3, low or substantially zero neutral inorganic 
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salt, phosphate builder,, perborate bleach precursor, tertiary 
amine bleach activator, sodium silicate, and minors and 
moisture. 

5 i) a detergent composition formulated a© a detergent 

powder in the form of a granulate having a bulk density of at 
least 600 g/1, containing anionic surfactant and a mixture of 
nonionic surfactants with respective alkoxylation degrees about 
7 and about 3, low or substantially aero neutral inorganic 
10 salt, zeolite builder, perborate bleach precursor, tertiary 
amine bleach activator, sodium silicate, and minors and 
moisture, 

g) & detergent composition formulated as a detergent 
15 powder containing anionic surfactant, nonionic surfactant, 

acrylic polymer, fatty acid soap, sodium carbonate, sodium 
sulphate, clay particles with or without amines, perborate 
bleach precursor, tertiary amine bleach activator, sodium 
silicate, and minors and moisture. 

20 

h) A detergent composition formulated as a detergent 
(soap) bar containing soap based on pan-saponified mixture of 
tallow and coconut oil, neutralised with orthophosphoric acid, 
mixed with protease, also mixed with sodium formate, borax, 

25 propylene glycol and sodium sulphate, and then plodded on a 
soap production line. 

j) An enzymatic detergent composition formulated to give 

a wash liquor pK of 9 or less when used at a rate corresponding 
30 to 0.4-0.8 g/1 surfactant. 

k) An enzymatic detergent composition formulated to give 

a wash liquor pfi of 8.5 or more when used at a rate correspon- 
ding to 0,4-9.8 g/1 surfactant. 

35 

1) An enzymatic detergent composition formulated to give 

a wash liguor ionic strength of 0.03 or less, e.g. 0.02 or 
less, when used at a rate corresponding to 0.4-0.8 g/1 
surfactant. 
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m) to enzymatic detergent composition formulated to give* 

a wash liquor ionic strength of 0.01 or more, e.g. 0.02 or 
more/ when used at a rate corresponding to 0.4-O.S g/1 
5 surfactant. 


WITH frlPJ^ S 

10 It has surprisingly been found that a decrease in the, 

isoelectric point, pi, and hence net charge of a subtllisin ty- 
pe protease tinder washing conditions, can result in not only 
an improved wash performance of the enzyme but also an improved 
compatibility with lipase. 

15 It has also been surprisingly found that compatibility 

of protease with lipase is influenced not only by the pi but 
also by the positions at which the charges are located relative 
to the active site of the protease: the introduction of 
negative charge or removal of positive charge closer to the 

20 active site gives stronger improvement of compatibility of 
protease with lipase. 

Accordingly, certain embodiments of the invention 
provide enzymatic detergent compositions, comprising lipase and 

25 also comprising mutated subtllisin protease, wherein the net 
molecular electrostatic charge of the mutated protease has been 
changed by insertion, deletion or substitution of amlno-acid 
residues in comparison to the parent protease, and wherein, in 
said protease, there are, relative to said parent protease, 

30 fewer positively-charged amino-acid residue (s) and/or more 
negatively-charged amino-acid residue (s), whereby said 
subtllisin protease has an isoelectric pH (pl c ) lower than that 
of said parent protease. 

35 One preferred class of lipases for such use originates 

in Gram-negative bacteria, and includes e.g. lipase enzymes of 
the groups defined in EF 0 205 208 and 0 206 390 ( both to 
Onilever), (hereby incorporated by reference), including 
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lipases immunologically related to those from certain Ps. 
flwresoens , P. r gladioli and Cfcromobacter strains. 

Preferred embodiments of mutant subtil isin protease 
enzyme for use in conjunction with lipase as aforesaid possess 
5 one or more mutations at the site of an amino-acid residue 
located within the range of about 15A-20A from the active site, 
especially for example at positions 170, 120, or 195. 

The lipase can usefully be added in the form of a 
10 9*aaalaar composition, {alternatively a solution or a slurry?, 
of lipolytic enzyme with carrier material {e.g. as in EP 258068 
(Novo Hordisk A/S) and Savinase* and Lipolase* products of Novo 
Nordisk A/S) . 

m& added amount of lipase can be chosen within wide 

15 limits, for example 50 to 30,000 m/g per gram of the surfac- 
tant system or of the detergent composition, e.g. often at 
least 100 Hi/g, very usefully at least 500 Lu/g, sometimes 
preferably above 1000, above 2000 LU/g or above 4000 LD/g or 
more, thus very often within the range 50-4000 LO/g and 

20 possibly within the range 200-1000 EB/g. in this specification 
lipase units are defined as they are in EP 258068. 

*Ehe lipolytic enzyme can be chosen from among a wide 
range of lipases: in particular the lipases described in for 
example the following patent specifications, bp 214761 (Novo 

25 Nordisk A/S} , EF 0 258 068 and especially lipases showing 
immunological cross-reactivity with antfsera raised against 
lipase fro® fhermomvces lanuginosus ATCC 22070, bp 0 205 208 
and BP 0 206 390 and especially lipases showing immunological 
cross-reactivity with antisera raised against lipase from 

30 gft^ftofeacter vlscosnm var Us S&Z&km HRJRL B-3673, or against 
lipase from &caUgenes PM79, ATCC 31371 and FERM-P 3783, 
also the lipases described in specifications wo 87/00859 
(Gist-Brocades) and Ep 0 204 284 {Sapporo Breweries) . Suitable 
in particular are for example the following commercially 

35 available lipase preparations: Novo Lipolase®, Amano lipases 
CE, F, B, AP, H-AP, AML, and CES, and Heito lipases MY-30, OF, 
and PL, also Esterase* MM, Lipozym®, SP225, SP285, saiken 
lipase, Enzeco lipase, Toyo aoza lipase and Dlosynth lipase 
(ffirade Harks) , 
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Genetic engineering of the ensymes can be achieved by 
extraction of an appropriate lipase gene, e.g. the gene for 
lipase from Thermomycee lanuginosus or from a mutant thereof, 
5 and introduction and expression of the gene or derivative 
thereof in a suitable producer organise such as an Aspergillus. 
The technigues described in WD 88/02775 {Novo Efordisk A/S) , EP 
0 243 338 (i*abofi»a)> ep 0 268 452 (Genencor) and notably II* 
0 305 216 (Novo Hordisk A/S) or EP 0 283 075 (Gist-Brocades) 
10 may be applied and adapted. 

Similar considerations apply mutatis mutandis in the 
case of other enzymes, which may also foe present. Without 
limitation: Amylase can for example be used when present in an 

15 amount in the range about l to about 100 M0 (maltose units) per 
gram of detergent composition, (or 0-014-1.4, e.g. 0.07-0.7, 
KNU/g (Sovo units)}. Cellulase can for example be used when 
present in an amount in the range about 0.3 to about 35 CEVO 
units per gram of the detergent composition. 

20 She detergent compositions may furthermore include the 

following usual detergent ingredients in the usual amounts. 
They may be built or unbuilt, and may be of the zero-P type 
(i.e. not containing any phosphorus-containing builders) - Thus 
the composition may contain in aggregate for example from 

25 1-50%, e.g. at least about 5% and often up to about 35-40% by 
weight, of one or more organic and/or inorganic builders. 
Typical examples of such builders include those already 
mentioned above, and more broadly include alkali metal ortho, 
pyro, and ^polyphosphates, alkali metal carbonates, either 

30 alone or in admixture with calcite, alkali metal citrates, 
alkali metal nitrilotriacetates, carfooxymethyloxysuccinates , 
sseolites, polyacetalcarfooxylates and so on. 

Furthermore, the detergent compositions may contain 
from 1-35% of a bleaching agent or a bleach precursor or a 

35 system comprising bleaching agent and/or precursor with 
activator therefor. Further optional ingredients are lather 
boosters, foam depressors* anti-corrosion agents, soil -suspen- 
ding agents, sequestering agents, anti-soil redeposition 
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agents, perfua.es, dyes, stabilising agents for the enzymes and 
so on, 

Th * ^positions can foe used for the washing of textile 
materials, especially but without limitation cotton and 
5 polyester-based textiles and mixtures thereof. Especially 
suitable are for example washing processes carried out at 
temperatures of about 60-65 deg C or lower, e.g. about 
30'C-35«C or lower. It can be very suitable to use the 
compositions at a rate sufficient to provide about e.g. 0.4-0-8 

10 g/1 surfactant in the wash liquor, although it is of course 
possible to use lesser or greater concentrations if desired. 
Without limitation it can for example be stated that a use-rate 
from about 3 g/1 and up to about 6 g/1 of the detergent 
formulation is suitable for use in the case when the formula- 

15 tions are as in the Examples. 


Many methods for introducing mutations into genes are 
well known in the art, After a brief discussion of cloning 
subtilisin genes, methods for generating mutations in both 
random sites, and specific sites, within the subtilisin gene 
will be discussed. 


25 MS & SOBTXiasiK SEsre 

The gene encoding subtil isin may be cloned from any 
Gram-positive bacteria or fungus by various methods, well known 
in the art. First a genomic, and/or cDNA library of DNA must 
be constructed using chromosomal DNA or messenger RNA from the 

30 organism that produces the subtilisin to be studied. Then, if 
the amino-acid sequence of the subtilisin is known, homologous, 
labelled oligonucleotide probes may be synthesized and used to 
identify subtilisin-encoding clones from a genomic library of 
bacterial or from a fungal cBHA library. Alternatively, 

35 a labelled oligonucleotide probe containing sequences homolo- 
gous to subtilisin from another strain of bacteria or fungus 
could be used as a probe to identify subtilis in-encoding 
clones, using hybridisation and washing conditions of lower 
stringency. 
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Yet another method for identifying subtilisin-pro~ 
ducing clones would involve inserting fragments of genomic BHA 
into an expression vector, such as a plasmid, transforming 
protease-negative bacteria with the resulting genomic DKA 
5 library, and then plating the transformed bacteria onto agar 
containing a substrate for- subtilisin, such as skim milk. Those 
bacteria containing subtilisin-bearing plasmid will produce 
colonies surrounded by a halo of clear agar, due to digestion 
of the skim ailk by excreted subtilisin. 

10 

smsmmim of rahdom kutatioss iw the smymasi H gm 

Once the subtil isin gene has been cloned into a sui- 
table vector, such as a plasmid, several methods can b© used 
to introduce random mutations into the gene. 

15 One method would be to incorporate the cloned subtilisin 
gene, as part of a retrievable vector, into a mutator strain 
of ffscheyjoia call- 

Another method would involve generating a single 
stranded form of the subtilisin gene, and then annealing the 

20 fragment of OKA containing the subtil isin gene with another DMA 
fragment such that a portion of the subtilisin gene remained 
single stranded. This discrete, single stranded region could 
then be exposed to any of a number of mutagenic ing agents, 
including, but not limited to, sodium bisulfite, hydroxyiamine, 

25 nitrous acid, formic acid, or hydralazine, A specific example 
of this method for generating random mutations is described by 
Shortle and Kathans (1978, Proc. Rati. Acad. Sci. U.S.A., I&s 
2170-2174) , According to the shortle and Hatbans method, the 
plasmid bearing the subtilisin gene would be nicked by a re- 

30 striction enzyme that cleaves within the gene. This nick would 
be widened into a gap using the exonuclease action of DHA 
polymerase X. She resulting single-stranded gap could then be 
mutagenlssed using any one of the above mentioned mutagenizing 
agents* 

35 Alternatively, the subtilisin gene from a Bacillus 

species including the natural promoter and other control 
seguenoms could be cloned into a plasmid vector containing 
replicons for both IS. coli and B, subtil is , a selectable 
phenotypic marker and the M13 origin of replication for 
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production of single-stranded plasnaid m& upon superinfection 
with helper phage IRi. Single-stranded plasmid DNA containing 
the cloned subtil is in gene is isolated and annealed with a DNA 
fragment containing vector sequences hut not the coding region 
5 of subtilisin, resulting in a gapped duplex molecule. Mutations 
are introduced into the subtilisin gene either with sodium bi- 
sulfite, nitrous acid or formic acid or by replication in a 
mutator strain of &u colt as described above. - Since sodium 
bisulfite reacts exclusively with cytosine in a single- 

10 stranded DNA, the mutations created with this mutagen are 
restricted only to the coding regions. Reaction time and 
bisulfite concentration are varied in different experiments 
such that from one to five mutations are created per subti- 
lisin gene on average. Incubation of lo fig of gapped duplex DNA 

15 in 4 K Na-bisulfite, pH. 6,0, for 9 minutes at 37 "c in a 
reaction volume of 400 #1, deaminates about 1% of cytoslnes in 
the single-stranded region. The coding region of Mature 
subtilisin contains about 200 cytosines, depending on the DNA 
strand. Advantageously, the reaction time is varied from about 

20 4 minutes (to produce a mutation frequency of about one in 200) 
to about 20 minutes (about 5 in 200} . 

After mutagenesis the gapped molecules are treated i& 
vitro, with DNA polymerase I (Klenow fragment) to make fully 
double-stranded molecules and fix the mutations. Competent 

25 £Sli axe then transformed with the mutagenized DNA to produce 
an amplified library of mutant subtilisins. Amplified mutant 
libraries can also be mad© by growing the plasmid DNA in a Kut 
t> strain of E. coli which increases the range for mutations due 
to its error prone DNA polymerase. 

30 The mutagens nitrous acid and formic acid may also be 

used to produce mutant libraries. Because these chemicals are 
not as specific for single-stranded DBA as sodium bisulfite, 
the mutagenesis reactions are performed according to the follo- 
wing procedure, The coding portion of the subtilisin gene is 

35 cloned in Ml 3 phage by standard methods and single stranded 
phage DNA prepared. The single-stranded IMA is then reacted 
with 1 M nitrous acid pH. 4.3 for 15-60 minutes at 23 *C or 2.4 
M formic acid for 1-5 minutes at 23*C. These ranges of reaction 
times produce a mutation frequency of from 1 in 1000 to 5 in 
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1000. After mutagenesis , a universal primer is annealed to the 
M13 DBA and duplex DNA is synthesized using the siutagenized* 
single-stranded BKA as a template so that the coding portion 
of the subtiiisin gene becomes fully double-stranded . At this 
5 point the coding region can he out out of the m.3 vector with 
restriction ensymes and ligated into an unmutagenized express- 
ion vector so that imitations occur only in the restriction 
fragment. C^ers et al«» science 229;242-25? (1985)). 

10 GiareRATXON OF SITE DIRECTED MSTATIOffS Iff THE SPBTILISm GENE 
Once the subtil is in gene has been cloned, and de- 
sirable sites for mutation identified, these mutations can be 
introduced using synthetic oligonucleotides. These oligo- 
nucleotides contain nucleotide sequences flanking the desired 

15 mutation sites; mutant nucleotides are inserted during oligo- 
nucleotide synthesis, in a preferred method, a single stranded 
gap of DNA, bridging the subtiiisin gene, is created in a 
vector hearing the subtiiisin gene. Then the synthetic nucleo- 
tide, bearing the desired mutation, is annealed to a hoaolo- 

20 gous portion of the single-stranded BNA. The remaining gap is 
then filled in by BKA polymerase I (Klenow fragment) and the 
construct is ligated using T4 ligase. A specific example of 
this method is described in Morinaga et al., (1984, Biotech- 
nology 2:646-639). According to Morinaga et al. , a fragment 

25 within the gene is removed using restriction endonuclease. The 
vector/gene, now containing a gap, is then denatured and 
hybridized to a vector/gene which, instead of containing a gap, 
has been cleaved with another restriction endonuclease at a 
site outside the area involved in the gap. A single-stranded 

30 region of the gene is then available for hybridisation with 
mutated oligonucleotides, the remaining gap is filled in by the 
Klenow fragment of BRA polymerase I, the insertions are ligated 
with T4 SSA ligase, and, after one cycle of replication, a 
double-stranded plasmid bearing the desired mutation is 

35 produced. The Horinaga method obviates the additional manipula- 
tion of constructing new restriction sites, and therefore 
facilitates the generation of mutations at multiple sites. TJ.S. 
Patent number 4,760, 025 f by Estell et al., issued July 26, 
1988, is able to introduce oligonucleotides bearing multiple 
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mutations by performing minor alterations of the cassette, 
however, an oven greater variety of mutations can toe introduced 
at any one time toy the Morinaga method, because a multitude of 
oligonucleotides, of various lengths, can toe introduced. 

5 

BmSBSSXQH OF StfBTTI ^IS? MnTASTS 

According to the invention, a mutated subtllisin gene 
produced toy methods described above, or any alternative Methods 
known in the art, can toe expressed, in enzyme form, using an 

10 expression vector* An expression vector generally falls under 
the definition of a cloning vector, since an expression vector 
usually includes the components of a typical cloning vector, 
namely, an element that permits autonomous replication of the 
vector in a microorganism independent of the genome of the 

15 microorganism, and one or more phenotypic markers for selection 
purposes. An expression vector includes control sequences 
encoding a promoter, operator, ribosome binding site, trans- 
lation initiation signal, and, optionally, a repressor gene or 
various activator genes* To permit the secretion of the ex- 

20 pressed protein, nucleotides encoding a "signal sequence" may 
be inserted prior to the coding sequence of the gene. For ex- 
pression under the direction of control sequences, a target 
gene to be treated according to the invention is operatoly 
linked to the control sequences in the proper reading frame. 

25 Promoter sequences that can be incorporated into plasmid vec- 
tors, and which can support the transcription of the mutant 
subtilisin gene, include but are not limited to the prokaryotic 
6-lactamase promoter (Villa-Kaaaroff, etal., 1978, Proc. Matl. 
Acad. Sci. U.S.A. 75:3727-3731) and the tac promoter (BeBoer, 

30 et al», 1983, Proc. Natl. Acad. sci. U.S.A. !£. 21-25). Further 
references can also be found in "Useful proteins from recombi- 
nant bacteria" in Scientific American, 1980, MA'- 74-94. 

According to one embodiment B T gubtUi-s is transfor- 
med by an expression vector carrying the mutated DNA. If ex- 

35 pression is to take place in a secreting microorganism such as 
B- fiffbtiUs a signal sequence may follow the translation 
initiation signal and precede the DMA sequence of interest. The 
signal sequence acts to transport the expression product to the 
cell wall where it is cleaved from the product upon secretion. 
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Whe term "control sequences" as defined above is intended to 
include a signal seguence, when it is present* 

5 SITE SPECIFIC M3T&TXOU OF THE SOBTIILISIH GEHER&TES MUTANTS 

WITH USEfUL CHEMICAL CH&imcyEHXSTICS 

mm m>' mmsm 

10 BACTERIAL STRAXffS 

B. subtilis 309 and 147 are variants of Bacillus 
lentus . deposited with the HCSB and accorded the accession 
numbers HCIB 1014? and HCIB 10309, and described in U.S. Patent 
Ho. 3 , 723 , 250, issued Harch 27, 1973, and incorporated in its 

15 entirety by reference herein. 

•2*. subtilis D» 497 is described in U.S. Serial Ho. 
039,298 filed April 17, 1987, corresponding to BP Publ. Ho. 242 
220, also incorporated by reference herein, and is an aro+ 
trans ferment of 1RUB 200 *ith chromosomal mh from SL 438, a 

20 sporulation and protease deficient strain obtained from Dr. Kim 
Hardy of Biogen. 

E. coli MC 1000 r"*fr (Casadaban, K.tf. and Cohen, S.N. 
(1980), J. Hoi. Biol. 138: 179-207) , was made r" m + by conven- 
tional methods and is also described in U.S. serial No. 

25 039,298. 

B. subtil is D B105 is described in: Kawamura,F. , Doi, 
K.H. (1984), Construction of a Bacillus subtilis double mutant 
deficient in extracellular alkaline and neutral proteases , 
J.Bacteriol. 160 (2), 442- 444. 

30 

pSXSO (described in U.S. patent application serial Ho. 
039,298, and incorporated by reference herein) is a derivative 
of plaemid pm 1050 comprising the promoter-operator P,o ir the 
35 B. pnmilus xyn B gene and the p. gubUilS xyl R gene. 

•p&xm (described in U.S. patent application serial Ho. 
039,298, supra* is a derivative of pSX52 OMsb t which 
comprises a fusion gene between the calf prochymosin gene and 
the B. oamllus xyn B gene inserted into pSX50 (supra) . pSX62 
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was generated by inserting the g. coli rm B terminator into 
P&SC52 behind the proohyssosin gene. 

pSXSS (described in U.S. patent application serial Mo. 
039,298, scpn} is a derivative of plasmid pm 1050, comprising 
5 the promoter-operator P 2 o 2 , the l, f „, pmajlus xyn B gene, and the 
%■» rofrfcpilg xyi » gene. 

psxsa (described in unpublished International Patent 
Application no. 88/00002 (novo iKDasmr &/S)) is a 

derivative of pSXSO comprising the subtilisin 309 gene. 
10 pSX92 was produced fay cloning the subtilisin 309 into 

plasmid pSX62 (mpm) cut at Cla I and Hind III, and Cla I 
filled prior to the insertion of the fragments Dral-Nhel and 
Hhel-Hind III from the cloned subtilisin 309 gene. 

pS3£93, shown in Figure 3, is pUCX3 (Vieira and Messing, 
15 1982 , Gene 259-268 > comprising a 0.7fcb Xbal-Hind 111 

fragment of the subtil is in 309 gene including the terminator 
inserted in a poly linker sequence , 

psxiis (described in unpublished international Patent 
Application no. PCT/BK 88/00002 (NOVO IHDtJSTHI A/S) ) is pUC13 
20 harbouring an EcoRl-XbaX fragment of the subtilisin 309 gene 
inserted into the polylinker. 

PSX120 is a plasmid- where the Hpal-Hindlll fragment 
with the subtilisin 309 gene from pSX88 is inserted into 
EcoKV-HindlXI on P DN 1681, in a way whereby the protease gene 
25 is expressed by the amy M and amy Q promoters, pm 1681 is 
obtained from pOT 1380 (Diderichsen, B. and Christiansen, h. : 
1988, wms Microbiology Letters 56: 53-60) with an inserted 
2*85 bp Clal fragment from p. amyXoliq^efacjens carrying the 
awy Q gene with promoter (Takkinen et al,; 1983, J. Biol. chem. 
30 258: I007ff.) 

PUC13 is described in: vieira, J. and Messing, J.: 
1982, Gene 19: 259-268. 

PUC19 is described in: Yanisch-Perron, c. and vieira, 
J. Messing, J., 1985, Gene 33:103-119. 
35 pOBHO is described in: Lacey,Jt.W. , Chopra, 0\ (1974) , 

Genetic studies of a isultiresistant strain of staphylococcu s 
aureus, J. Med. Microbiol. 7, 285-297, and in; 2yprian,E., Mat- 
srora,H. (1986), Characterization of signals promoting gene 
expression on the gtaphylgcoccus aureus plasmid pUBHO and 
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development of a eram-positive esspression vector system, BN& 
5 (3), 219-225- 

GENES 

5 The genes for the various subtil is ins were obtained as 

referenced in the literature mentioned above. In partiaaXar 
the genes for the subtilisin 309 and 147 enzymes were obtained 
as described in unpublished international patent application 
no. Vm/m 88/00002 (UOVO INOOSTRI A/S), which is hereby 
10 incorporated by reference in its entirety. 

SPPTOffiy CMffiM^ gSNg cokstructoH 

A synthetic gene was designed based on the coding 
sequence of the mature subtilisin Carlsberg protease and its 

15 transcription terminator (Jacobs, M. Eliasson,M. , Uhlen,H., 
Flocfc,J.-I, (1985), Cloning, sequencing and expression of 
subtilisin Carlsberg from gacjllsaa U<&enlf orrajs . Nucleic 
Acids Res. 13 (24), 8913-8926), linked to the pre and pro 
coding sequences of the subtilisin BW protease (wells r J. A. r 

20 Ferrari, B., Henner,D.J., Estell,D.A., Chen,E.Y. (1983), 
Cloning, sequencing and secretion of Bacillus, ....ftWlPllwref a~ 
clena subtilisin in Bacillus sufatilis , Nuclei Acids Res. 11 
(22) , 7911-7925} . The gene was subdivided into seven fragments 
in length ranging from 12? to 313 basepairs, each fragment 

25 built up from chemically synthesized oligos of 16 to 77 
nucleotides. The overlap between the oligos of the two strands 
was optimised in order to facilitate a one step annealing of 
each fragment (Mullenbach, G.T. , Tabriz! , A., Blacker, R.W. , 
Steamer, K.S. (1986) , Chemical synthesis and egression in Yeast 

30 of a gene encoding connective tissue activating peptide-IIl, 
J.Biol. Cham. 261 (2), 719-722). Each fragment was assembled 
and cloned in an B. coli cloning and sequencing vector. 
Sequence analysis of these cloned fragments was performed to 
confirm the correctness of the sequence of each fragment, then 

35 all of the fragments were assembled and cloned in the vector 
pUBHO (X*scey,R.W. , Chopra, J. (1974} , Genetic studies of a 

multiresistant strain of staphvlococcus aureus, J. 

Med. Microbiol. 7, 285-297) and brought into B. subtili et.PBlOS 
(Kawa»ura,F., Doi, R.H. (1984), construction of a Bacillus 
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^UUS double mutant deficient in extracellular alkaline and 
neutral proteases t J.Bacteriol. 160 {2} , 442- 444} . Transcrip- 
tion of the gene was initiated by the Hpall promotor of the 
pUBXio plasmid vector (gyprian,E. f Matsura,H. (1986), Charac- 
5 terization of signals erecting gene expression on the Staph y- 
lococc us agreug plasmid pUBHO and development of a Gram-posi- 
tive expression vector system, DNA S (3), 219-225) . In the 
process of the gene construction it turned out that the longest 
fragment (#5? 313 basepairs long) needed further fragmentation 

10 (fragments #8 and #9) in order to avoid problems with the 
assembly of this rather long fragment. 

The amino acid sequence deduced from the nucleotide 
sequence differs 'from the earlier published subtil isin Carls- 
berg sequence at positions 129, 15?, 161 and 212 (Smith, E. , 

15 Derange, R.J . , Evans, W.H., tandon,W., Markland,F.S. (1968), 
Subtilisin Carlsberg V. The complete sequence: comparison with 
subtil isin BPH' t evolutionary relationships., J.Biol.chem. 243 
(9), 2X84-2191). A fifth alteration reported by Jacobs *t al 
(1S85) could not be confirmed in the clone of the Carlsberg 

20 gene described here. 

COMFDTftTOS QF ISOE&ECTRX C POINT (p lj 

The calculation of the isoelectric point of the 
subtilisin 309 wild type ensyme (sooo) is exemplified below in 

25 order to demonstrate the procedure used. The same procedure is 
of course applicable to the computation of any enzyme, whether 
it being a mutant enayme or not. 

pK values were assigned to each potentially charged 
amino acid residue (Tyr, Asp r Glu, Cys, Xrg, His, Lys, N~ 

30 terminal, C-terminal, Ca 2 *}. In this case the environment was 
taken into consideration, whereby different pK values are used 
for the same amino acid residue dependent on its neighbours. 
The assigned values are indicated in Table II. 

Then the ratio of the occurrence of an amino acid 

35 residue at a given pK in charged or uncharged form (char- 
ged/uncharged, C/U(i>) was calculated for both negative and 
positive charge, by using the formulae xa and lb, respec- 
tively. In Table II this ratio is only indicated for pH equal 
to pi,. 
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Subsequently the relative charge, , or charge 

contribution allocated to each charged residue was calculated 
by using the formulae Ha and lib: 

The pH value where the sum of all the charge contri- 
5 butions from the charged residues is equal to zero was found 
by iteration, 

. CaXculaUoh Qf isoelectric, point SOQO Subtilisin 309 

L0 

jsmaber of c/U(i)* Q r {i) Q r (i) Q r U> 



Residue 

pK 

Residue 


pH 8.3 

pfi 10.0 

pH*pI 0 


Tyr 

9.9 

3 

2.51E-02 

-0.07 

-1.67 

-1.77 

is 

Tyr 

IX. « 

2 

5.011-04 

0.00 

-0.05 

-0.06 


Tyr 

12. S 

2 

6.31E-05 

0.00 

-0.01 

-0.01 


Asp 

3,5 

5 

6.31E+04 

-5.00 

-5.00 

-5.00 


Glu 

4 

5 

2.00E+04 

-5.00 

-5.00 

-5.00 


C-term(Arg) 3 

1 

2.GOE+05 

-1.00 

-1.00 

-1.00 

20 

Cys 

9.3 

0 

1.00E-01 

0.00 

0.00 

0.00 


Arg 

12.8 

8 

3.16E+04 

8.00 

7.99 

7.99 


His 

6.4 

7 

1.26E-02 

0.09 

0.00 

0.00 


Ly© 

10 

5 

5.01E+01 

4.90 

2.50 

2.34 


Calcium 

20 

1.25 

5.01E+X1 

2.50 

2.50 

2.50 

25 

N-term{Ala} 8 

1 

5.01E-01 

0.33 

0.01 

0*01 


Het charge 



4,75 

0.27 

0.0 


The calculated isoelectric point is 10.06 


30 * E-02 m 10** 

As indicated above and in Table II the pK value 
assigned to each amino acid was different taking local varia- 
tions in the environment into consideration. This only results 
35 in an enhanced precision in the calculation, but essperience has 
shown that constant estimated pK values are helpful in showing 
in what direction the px c for a given smtant enzyme will move 
in comparison to the pl c of the parent ensyme. This is indi- 
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cat&d in Table XXX, where pX 0 values for estimated pK values 
are indicated, 

Xn order to compare various ensymes and mutant enzymes 
washing teats described in detail below have been performed. 
5 In Table III below result© tram these teste using parent enzyme 
and mutant enzymes from subtilisin 389 (designated SO00, etc.) 
and subtilisin Carlsberg (designated C000, etc.) have been 
tabulated in order to demonstrate the correlation between pl 6 
and wash performance at different pH values of the wash liquor 
10 used, in the washing tests a low salt liguid detergent formula- 
tion of pH a. 3 according to detergent example D7, and a normal 
salt powder detergent of pH 10.2 according to detergent example 
D2 were used. 

In Table IIX the results are indicated as relative 
IS results compared to the wild type enzymes (SO0O and CO00, 
respectively). Also, calculated and observed pl o e for the 
enzymes are indicated. 
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Table all 

Comparative washing tests a£ differed PH VtilWM 
calculated observed ©emergent pH 


5 




8.3 

10.2 


sooo 

10-02 

9.7 

1 

1 


S001 

9.86 

9.4 

2.2 

1 


S003 

9.86 

9.4 

2.0 

1 


£004 

9.68 

9.1 

3.9 

1 

10 

S005 

5.71 

9.1 

1.5 

1 


S012 

9.09 

8.8 

5.0 

0.6 


S019 

9.09 

8.5 

5.8 

0.6 


S020 

6.71 

7.9 

8.8 

0.5 


S021 

9.85 


1.8 

0.7 

15 

£022 

8.0? 


9.0 

0.3 


S023 

8.05 


9.8 

0.2 


S024 

6. 86 


9.0 

0.2 


S02S 

8.94 


6.9 

0.6 


S027 

10.28 


0.4 

1.0 

20 

S028 

10.28 


0.9 

1.0 


S031 

10.53 


0.4 

0.7 


S032 

10.28 

- 

0.7 



S033 

10.28 


0.4 



S035 

8.07 


8.0 

0.6 

25 

S201 

9.85 


2.0 

0.7 


S202 

9*62 


4.3 

0.9 


S203 

9.27 


9.0 

0.5 


cooo 

8.87 


1 

1 


CG01 

9.38 


0.2 

1.5 

30 

C002 

9.38 


0.8 

1.9 


C003 

9.38 


0.4 

1.1 


C0O4 

9.64 


0.2 

1.8 


COGS 

9. 38 


0.2 

1.5 


35 Prom SPable III it is sees that shifting the pl 0 to 

lower values (s-eeries) provides for an improvement in wash 
performance at low pH <pli>8,3) , whereas an upward shift in pl^ 
(C-series) provides for an improvement in wash performance at 
high pH (pH»10.2) . 
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The concept of isoelectric point has thus been found 
to be very useful in selecting the positions of the amino acids 
in the parent enzyme should be changed, 

5 it lias generally been found that mutations should be 

performed in codons corresponding to aiiao acids situated at 
or near to the surface of the enzyme molecule thereby retai- 
ning the internal structure of the parent enzyme as much as 
possible. 

10 

ETOPracKTCOK Qf flnfYPTT.TSTWf? 

•the procedure relates to a typical purification of a 

10 litre scale fermentation of the Subtilisin 147 enzyme, the 

Subtilisin 303 enzyme or mutants thereof. 
15 Approximately 8 litres of fermentation broth were 

centrifuges at 5000 rpm for 35 minutes in 1 litre beakers. The 

supernatants were adjusted to pH 6.5 using 10% acetic acid and 

filtered on Seitz Supra S100 filter plates. 

She filtrates were concentrated to approximately 400 
20 ml using an Aaicon CH2& tfF unit equipped with an Ami con S1Y10 

TJF cartridge. The m concentrate was centrifuged and filtered 
. prior to absorption at room temperature on a Bacitracin 

affinity column at pH ?. The protease was eluted from the 

Bacitracin column at room temperature using 25% 2-propanol and 
25 1 U sodium chloride in a buffer solution with 0.01 dime- 

thylglutaric acid, 0.1 m boric acid and 0.002 M calcium 

chloride adjusted to pi 7. 

The fractions with protease activity from the Ba- 
citracin purification step were combined and applied to a 750 
30 ml Sephadex G25 column (5 cm dia.) equilibrated with a buffer 

containing 0.01 dimethylglutaric acid, 0.2 K boric acid and 

0.002 m calcium chloride adjusted to pH 6.5. 

Fractions with proteolytic activity from the Sephadex 

625 column were combined and applied to a 150 ml Of Sepharose 
35 CL SB cation exchange column (5 cm dia.) equilibrated with a 

buffer containing o.oi n dimethylglutaric acid, 0.2 M boric 

acid, and 0.002 51 calcium chloride adjusted to pH 6,5. 
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The protease was eiuted using a linear gradient of 0- 
0.1 M sodiua ciaoride in 2 litres of the same buffer (0-0.2 M 
sodium chloride in case of sab 147} . 

In a final purification step protease containing 
5 fractions from the CM Sepfcarose column were combined and 
concentrated in an Asticon ultrafiltration cell equipped with 
a GE81PP aeabrane (fro® the Danish Sugar Factories Inc. } . 

Sufetilisin 309 and Mutants 

Sly 195 Glut (G195E (SOOl)): 
10 Arg 170 Tyr (S17GY (SG03)}:; 

Arg 170 Tyr + Gly 195 Glu (R170Y+G195B (S004) ) s 

Lys 251 Glu (K251E (S005) } i 

Kis 120 Asp (H120D {S006) } : 

Arg 170 Tyr + Gly 195 Glu * Lys 251 Glu 
15 <R170Y+G195E-f-K251£ (S012)): 

lys 235 Leu (K235L (S015) ) : 

His 120 Asp •* Gly 195 Glu + Lys 235 Leu (H120D+G195R+ 
X235L (S017) ) : 

His 120 Asp + Arg 170 Tyr + Gly 195 Glu + Lys 235 
20 Leu <B120EH-£170Y+G195E+K235L (S019)) : 

His 120 Asp + Arg 170 Tyr + Gly 195 Glu + Lys 235 Lou 
•f Lys 251 Glu <Hl2GD*R170Y+G195£+K235LfK251E (S020) : 

were purified by this procedure. 

25 

yrareicmos o? mmm stoct ci^lsberg mm*a*a 

fermentation »edia ware either directly applied on a 
bacitracin affinity column (5 cm diam * 15 cm; equilibrated 
with 10 m Tris/HCl buffer pH 7.9? flow rate appro*; 500 ml/h) 

30 or concentrated to 500 ml by means of a tfephross Andante H.F. 
dialyzer (Organon TechniJta) using a back pressure of 10-12 
p.s.i; and demineralised water in the outer circuit. In the 
latter case the protease was precipitated from the concentrate 
by adding 600 g/1 aamoniuss sulphate. The precipitate was 

35 collected by means of centrifugation and redissolirad in approx. 
500 »1 deminer&lised water. The ammonium sulphate was removed 
from the protease solution using the same dialyzer as described 
above. The final voluse was appro*. 300 ml, while the pH was 
adjusted to pH 6.0. The protease was eluted from the bacitracin 
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columns (mentioned above) using a 10 m sris buffer (pH 7.9) 
containing 2.7 M M*& and 18% isopropanol . 

after dialysis of bacitracin-purified or concentrated 
protease Material further purification was accomplished by 
5 application on a {^-^isacryl ion exchange column (5 cm. diam 
* 15 cm; equilibrated with 0.Q3M sodium phosphate pH 6.0} using 
a flow rate of 200 ml/h. The protease was eluted from the 
column with a linear gradient from 0 to 0,3 H Naci (2 * 500 ml) 
in the phosphate buffer. Fractions containing protease activity 
10 were pooled and stored at -2o*c in the presence of buffer salts 
after fraeze~drying. 

All mismatch primers were synthesized on an Applied 
15 Biosystems 380 A DHA synthesiser and purified by polyacryl- 
amide gel electrophoresis (PAGE). 

ABffAS FQP PROTEOLYTIC Aq yrVTTY 

Th& proteolytic activity of the mutant enzymes was 

20 assayed in order to determine how far the catalytic activity 
of the enzyme was retained. The determinations were performed 
toy the dimethyl casein (BKc> method described in NOVO Public- 
ation AF 220-gb (or later editions), available from 
**ovo~*iordisk a/s, Bagsv«rd, Denmark, which publication is 

25 hereby included by reference, 

ASSAYS FOR W&ks rmtiPa^ h¥ ^ 
A: 

Test cloths (2.2cm x 2.2cm), approximately 0.1 g) were 
30 produced by passing desized cotton {100% cotton, DS 71) cloth 
through the vessel in a Mathis Washing and Drying unit type TH 
(Warner mathis AG, Zurich, Switzerland) containing grass juice. 

Finally the cloth was dried in a strong air stream at 
room temperature, stored at room temperature for 3 weeks, and 
35 subsequently kept at -18* c prior to use. 

All tests were performed in a model xainiwash system. 
In this system 5 test cloths are washed in a 150 al beaker 
containing so ml of detergent solution. The beakers are kept 
in a thermostat water bath at 30° c with magnetic stirring. 
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As detergent the following standard liquid detergent 
was used: 


SB, Barol 160 

15% 

IAS, Nasa 1169/F 

10% 

coconut fatty acid 

S% 

Oleic acid 

1% 

Triethanolamine 

9% 

Glycerol 

10.5% 

Bth&nel 

1.5% 

Tri « ifa * citrat- 21^0 

S% 

Caci • 2H 2 o 

0.1% 

UaOH 

1% 

water from L&s 

23.3% 

Water from glycerol 

1,5% 

Water added 

34. 


The percentages given are the percentage of active 

content. 

pH vae adjusted with 1 H HaOH to a, 14. The water used 
20 was ca. 6" m {German Hardness) . 

Tests were performed at enzyme concentrations of: 0, 
1.0 m enayme protein/ 1 and 10.0 mg enzyme protein/ 1, and two 
independent sets of tests were performed for each of the 
mutants. The results shown in the following are means of these 
25 tests. 

The washings were performed for 60 minutes, and 
subsequent to the washing the cloths were flushed in running • 
tap-water for 25 minutes in a bucket* 

'The cloths were then air-dried overnight (protected 
30 against daylight) and the remission, determined on an 
ELRKPHO 2000 photometer from Datacolor S.&. , Dietkikon, 
Switzerland at 460 nra. 

As a measure of the wash performance differential 
remission, delta R, was used feeing equal to the remission after 
35 wash with enzyme added minus the remission after wash with no 
enzyme added. 

B: 
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She wash performance of various mutants was tested 
against grass juice stained cotton cloths according to the 
method described above. 

2.0 g/l of a commercial US liquid detergent was used. 
5 The detergent was dissolved in a 0,005 K ethanola- 

mine buffer in ion -exchanged water. pH was adjusted to pH 8.0, 
9.0, 10.0 and ii.o respectively with NaOH/HCl. 

The temperature was kept at 30* c isothermic for 10 

aits. 

The mutants were dosed at 0.25 mg enzyme protein/1 


10 


C: 

Washing tests using the detergent compositions 
15 exemplified in the detergent examples below were performed in 
a mini washer utilizing cotton based test cloths containing 
pigments, fat, and protein (casein) , She conditions were; 
a) 2 g/l detergent 03 in 6'fH (French hardness) water at 

pH 8.3, or 

20 b) 5 g/l detergent D2 in 15«fH water at pH 10.2. 

After rinsing and drying reflection at 460 nm was 


The improvement factor was calculated from a dose-re- 
sponse curve, and relates to the amount of enzyme needed for 
25 obtaining a given delta * valne in comparison to the wild type 
enzyme in question (S000 and C000) , meaning that an improvement 
factor of 2 indicates that only half the amount of enzyme is 
needed to obtain the same delta R value. 

The results of these tests are shown in Table III 

30 above. 


D: 

Experimental tests of lipase stability were carried 
out for example using the following materials: 

1 W/ml PseudoRtonas cepacia lipase was incubated in 
wash liguor of each of two types, 0 and w (described below) . 
Aiiguots were taken at intervals and tested for lipase 
activity. Parallel incubations were carried out without 
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protease or with protease of various types as noted below, to 
test the effect of the protease on the retention of lipase 
activity. Wild-type proteases vers tested at 20 GO/ml, mutated 
proteases «*er© tested at 0.5 merograia/ial . 

5 


10 Dstsrgwxt 01: 

A detergent powder according to an embodiment of the 
invention containing phosphate builder is formulated to 
contain; total active detergent about 16%, anionic detergent 
about 9%, nonionic detergent about 6%, phosphate-containing 

15 builder about 20%, acrylic or equivalent polymer about 3,5%, 
(alternatively down to about 2%) , perborate bleach precursor 
about 6-18%, alternatively about 15-20%, amino-containing 
bleach activator about 2%, silicate or other structurant about 
3.5%, alternatively up to about 8%, enzyme of about 8 glycine 

20 unitss/mg activity, with alkali to adjust to desired pH in use, 
and neutral inorganic salt, and enzymes (about 0.5% each 
enzyme) , 

She anionic detergent is a mixture of sodium dode- 
cyl-benzene sulphomate, alternatively sodium linear alkyl-ben- 

25 zene-sulphonate, 6%, and primary alfcyl sulphate 3%. The 
nonionic detergent is an ethoscylate of an approx. C13-C15 
primary alcohol with 1 ethostylate residues per mole. The 
phosphate builder is sodium tripolyphesphata. The polymer is 
polyacrylic acid, alternatively acrylic/malaic copolymer. The 

30 perborate bleach precursor is sodium tetraborate tetrahydrate 
or monohydrate . The activator is tetra-acetyl-ethylene-diamine . 
The struoturaht is sodium silicate. The neutral inorganic salt 
is sodium sulphate. 

The enzymes comprise protease according to Mutant 

35 S001, alternatively protease S003, S004, S005, cool, C002, 
CO 03, C004, COOS, COOS, S015, S017, S021, S226, S223, S224, or 
S225. 

Detergent Bias 
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A detergent powder according to an embodiment of the 
invention containing phosphate builder is formulated to 
contain! total active detergent about 15%, anionic detergent 
about 7%, nonionic detergent about 6%, phosphate-containing 
5 builder about 25%, acrylic or equivalent polymer about 0,5%, 
perborate bleach precursor about 10% , amino-contalning bleach 
activator about 2%, silicate or other structurant about 6%, 
protease enzyme of about 8 glycine units/sag grade, with allcali 
to adjust to desired pH in use, and neutral inorganic salt, and 

10 enzymes (about 0.5% each enzyme) . 

The anionic detergent is sodium linear aUsyl-benze- 
ne-sulphonate. The nonionic detergent is an ethoxylate of an 
appro*. C13-C15 primary alcohol with 7 ethoxylate residues per 
mole or a mixture of this with the corresponding alcohol 

15 etboxylated to the extent of 3 residues per mole, The 
phosphate builder is sodium tripolyphosphate. The perborate or 
peracid bleach precursor is sodium tetraborate tetrahydrate. 
The activator is tetra-acetyl-ethylene-diamine . The structurant 
is sodium silicate. The neutral inorganic salt is sodium 

20 sulphate. The enzymes comprise protease according to Mutant 
S001, alternatively S003, S004, S005, C001, C002, C003, C004, 
C005, CQ08, S015, S017, S021, S226. 

Detergent B2: 

25 ^ detergent powder according to an embodiment of the 

invention containing zeolite builder is formulated to contain: 
total active detergent about 16%, anionic detergent about 9%, 
nonionic detergent about 6%, zeolite-containing builder about 
20%, acrylic or equivalent polymer about 3.5%, perborate bleach 

30 precursor about 6-18%, aralno-containing bleach activator about 
2%, silicate or other structurant about 3.5%, alternatively 
down to about 2.5%, enzyme of about 8 (alternatively about IS) 
glycine units/mg grade, with alkali to adjust to desired pH in 
use, and neutral inorganic salt, and enzymes (about 0.5% each 

35 enzyme). 

The anionic detergent is a mixture of sodium dode- 
cyl-benzene sulpbonate, alternatively sodium linear alfcyl-ben- 
aene-sulphonate, 6% and primary alkyl sulphate 3%, The nonionic 
detergent is an ethoxylate of an approx. C13-C15 primary 
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alcohol with ? ethoxylate residues per stole. The zeolite • 
builder is type & zeolite. The polymer is poXyacrylic acid. The 
perborate Mead* precursor is sodium tetraborate tetrahydrate 
or monohydrate. The activator is tetraacetyl-ethylenediamine . 
5 The structurant is sodium silicate. The neutral inorganic salt 
is sodium sulphate. The enzymes comprise protease according 
to Mutant sooi, alternatively S003, S004, soos, cool, C002, 

C003, C004, C005, COOS, S015, S017, 8021, S226. 

10 Detergent D2a: 

& detergent ponder according to an embodiment of the 
invention containing zeolite builder is formulated to contain: 
total active detergent about 14%, anionic detergent about 7%, 
nonicnic detergent about 7%, zeolite-containing builder about 

15 25%, acrylic or equivalent polymer about 3%, perborate or 
peracid bleach precursor about 10%, amino-containing bleach 
activator about 2%, silicate or other structurant about 0,5%, 
enzyme of about 6 glycine units/sag grade, with alkali to adjust 
to desired pH in use, and neutral inorganic salt, and enzymes 

20 (about 0.5% each enzyme). 

The anionic detergent is sodium linear alkyl-benza- 
ne-sulphonate, the nonionic: detergent is a mixture of ethoxyla- 
tes of an approx. C13-C15 primary alcohol with 7 and 3 
ethoxylate residues respectively per mole. The zeolite builder 

25 is type K zeolite. The polymer is an acrylic/raaleic copoly- 
mer. The perborate bleach precursor is sodium tetraborate 
monohydrate. The activator is tetra-acetyl-ethylene-diamine. 
The structurant is sodium silicate. The neutral inorganic salt 
is sodium sulphate. The enzymes comprise protease according 

30 to Hutant S001, alternatively S003, S004, S005, C001, C002, 
C003, -C004, C005, COOS, S015, S017, S021, S226. 

Detergent B3: 

An aqueous detergent liquid according to an erobodi- 
35 ment of the invention is formulated to contain: Dodecylbenzene- 
-sulphonic acid 16%, C12-C15 linear alcohol condensed with 7 
mol/mol ethylene oxide 7%, monoethanolamlne 2%, citric acid 
6.5%, sodium ^lenesuiphonate 6%, sodium hydroxide about 4,1%, 
protease 0.5%, minors and water to 100%. The pH is adjusted to 
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a value between 9 and 10. The enzyme is a protease according 
to Mutant S020, alternatively S019, S012, S004, S001, S003, 
S005, S015, SOI?, S021, S022, S025, S035, S201, S223, S224, 
S225, S226 or S235. 

5 

Detergent 04; 

A nonaqueous detergent liquid according to an 
estoodiment of the invention is formulated using 38.5% C13-C15 
linear primary alcohol alkexylated with 4,9 mol/mol ethylene 

10 oxide and 2.7 mol/mol propylene oxide, 5% triacetin, 30% ©odium 
triphosphate, 4% soda ash, 15,5% sodium perborate jnonohytJrate 
containing a minor proportion of oxoborate, 4% TAED, 0.25% EDTA 
of which 0,1% as phospbonic acia, Aerosil 0.6%, SCWC 1%, and 
0-6% protease. The pH is adjusted to a value between 9 and 10, 

15 e.g. about 9.8. The enzyme comprises protease according to 
Mutant S0Q1, alternatively S003 or S004, S021, S035, S201, 
S225, S226, or S23S- ' 


Detergent t>5: 

20 A detergent powder according to an embodiment of the 

invention is formulated in the form of a granulate having a 
bulk density of at least 600 g/1, containing about 20% by 
weight surfactant of which about 10% is sodium dodecylbenzene 
sulphonate, and the remainder is a mixture of Synperonic A7 ana 

25 Synperonic A3 (about 5.5% to 4.5%), and zero neutral inorganic 
salt (e.g. sodium sulphate) , plus phosphate builder about 33%, 
sodium perborate tetrahydrate about 16%, TAED activator about 
4,5%, sodium silicate about 6%, and minors including sodium 
carbonate about 2%, and moisture content about 10%. Enzymes 

30 (about 0.5% each enzyme) are included. The enzyme comprises 
protease according to Mutant S001, alternatively S003, S004, 
S005, C001, C002, C003, C0O4, COOS, COOS, S223, S224, S225, 
S226 Or S235. 


35 Detergent D6: 

A detergent powder according to an embodiment of the 
invention is formulated in the form of a granulate having a 
bulfc density of at least 600 g/1, alternatively about 550 g/1, 
containing about 20%, alternatively down to about 16%, by 
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weight surfactant of which about 9%, alternatively about 7% r 
is sodium dcdecyJljenzene sulphenate, alternatively sodium 
linear al&yl benzene sulphonate, and the remainder is a mixture 
of symperonic A7 and Synperonic A3 (oar similar ethoxylates) 
5 (respectively about 5% & 6%, alternatively about 4% and 7%) , 
and zero neutral inorganic salt {e.g. sodium sulphate) , plus 
zeolite builder about 30%, alternatively about 25%, sodium 
perborate tetrahydrate, alternatively monohydrate, about 14% 
or 15% , TJUED activator about 3.6%, and minors including sodium 

10 carbonate about 9%, or up to 15%, Peguest* 2047 about 0.7%, and 
moisture content about 10%. Enzymes {about 0-S% eacb enzyme , 
or about 0,2% lipase and about 0*7% protease) are included. 
The enzyme comprises protease according to Mutant S001, 
alternatively S0G3, S004, 8005, C001, C002, C003, C004, COOS, 

15 COOS, S223, S224, S225, S226, or S235. 

Detergent »6aj 

A detergent powder according to an embodiment of the 
invention is formulated in the form of a granulate having a 

20 bulk density of at least 600 g/1, containing about 15% by 
weight surfactant of which about 7% is sodium linear alkyl 
benzene sulphonate, 2% primary alcohol sulphate, and the 
remainder synperonic &7 or similar ethexylate, and zero neutral 
inorganic salt <e.g. sodium sulphate), plus zeolite builder 

25 about 22%, sodium perborate tetrahydrate about 15%, TAED 
activator about 7%, and minors including sodium carbonate about 
15%, Deguest* 2047 about 0,7%, and moisture content about 10%. 
Enzymes (about 1.2%) include protease Mutant S001, alternative- 
ly S003, S004, 3005, C001, C002, CG03, C004, COOS, COOS, S223, 

30 S224, S225, $22* or S235. 

Detergent 07; 

A detergent powder according to an embodiment of the 
invention is formulated to contains Dodecylbenzenesulphouic 
35 acid 6%, C12-C15 linear alcohol condensed with 7 mol/mol 
ethylene oxide 5%, fatty acid soap 3%, Sokolan* CPS polymer 3%, 
zeolite & 22%, sodium carbonate 10%, sodium sulphate 17%, clay 
particles 8%, sodium perborate tetrahydrate 13%, tetraace- 
tyl~ethylenediamine 2%, protease 0.5%, minors and water to 
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100%. The pH is adjusted to a value between 9 and iq. The, 
ensyme comprises protease Mutant 50O1, alternatively S003, 
S004, S005, C001, C002, COG3, C004, COOS, COOS, S223, S224^ 
S225, 3226 or S235. 

Detergent ds: 

& detergent {soap) bar according to an embodiment of 
the invention is formulated as follows* soap based on pansa- 
ponified 82% tallow, 18% coconut oil, neutralised with 0.15% 

10 ortbophosphoric acid, mixed with protease (about 8 GU/ TO g of the 
bar exposition) and mixed with sodium fonaate 2%, borax 2%, 
propylene glycol 2% and sodium sulphate 1%, is then plodded on 
a soap production line. The ensyme comprises Mutant S001, 
alternatively S003 r S004, S005, C001, CO02, COOS, C004, COOS, 

15 COOS, S021, S025, S035, S2QX, S202, S223, S224, S225, S226 or 
S235, 


Detergent mi 

20 Structured liquid detergents can for example contain, 

in addition to a protease as described herein, 2-15% nonionic 
surfactant, 5-40% total surfactant, comprising nonionic and 
optionally anionic surfactant, 5-35% phosphate-containing or 
non-phosphat* containing builder, 0.2-0.8% polymeric thickener, 
25 e.g. cross-linked acrylic polymer with m.w. over 106, at least 
10% sodium silicate, e.g. as neutral waterglass, alkali (e.g. 
potassium-containing alkali) to adjust to desired pH, preferab- 
ly in the range 9-10 or upwards, e.g. above pH 11, with a ratio 
sodium cation: silicate anion (as free silica) (by weight) less 
30 than 0,7:1, and viscosity of 0.3-30 Pas (at 20'C and 20s-l) . 

Suitable examples contain about 5% nonionic surfac- 
tant C13-15 alcohol alkoxyiated with about 5 so groups per mole 
and with about 2.7 PO groups per mole, 15-23% neutral water- 
glass with 3.5 weight ratio between silica and sodiuta oxide, 
35 13-19% KDH, 8-23% STPP, 0-n% sodium carbonate, 0.5% Carbopol* 


941, 


Protease (e.g. o.5%) includes Mutant S001, alterna- 
tively S021, S025, S035, S201, S202, S223, S224, S225, S226 or 
S235. 
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Detergent Dio 

& stractered r viscous, 
for laundry tie® is formulated 


suitable 
5 weight); 


Citric acid 
Borax (lOaq) 
MaOH 
Glycerol 

C14-C15 Linear al3cyl~ 
sulphonate, or C14-25 primary 
alcohol sulphate 
synperonic AS 
Nonionic C12-C15 3EO 
Synperonic A? 
Nonionic C12-C15 7EO 
Zeolite 
Protease 

Amylase (Termamyl* 300LUX} 
minors and water 


liquid detergent 
as follows (% by 

2*5 
4 
2 
5 


20 

0.5 

0.2 

to 100% 


The pH can. be adjusted to a value between 9 and .10. 
The enzyme comprises protease Mutant S020, alternatively 8019, 
£012, S0G4, S001, S003, S0G5, S02X, S035, S201, S223, S224, 
25 S225, S226 or S235. 

Detergent ©11 

An isotropic aqueous liquid detergent suitable for 
laundry use is formulated as follows {% by weight) : 


PCT/DKW/K0164 


Citric acid 
Boric acid 
NaOH 
mm 

Glycerol 
Bthanol 

Sonionic surfactant 

{C12-al0OiiOl 6.5 SO 

ethoxylate groups/sjol) 
or sodium primary alcohol sulphate 
Oleic acid 
Coconut oil (C12) 
Protease 
minors and water 


soap 


2 
1 
3 

4.5 

10 

6.5 


0.5 

to 100% 


The pH can be adjusted to a value between 9 and 10. 
The enzyme comprises protease Mutant S020, alternatively SO 19, 
S012, J3004, S001, S003, S0O5, S021, S025, S035, S201, S323, 
S224, S225, S226 or S235. 


Detergent D12 

An aqueous liquid detergent coiaposltion is formulated 
to contain: 

sodium alkyl-foenserse-jsulpbonate 14,5 

CIS sodium soap 2 

Honionic detergent (C12-15 6EO) 9 

Fatty acid {oleic acid) 4.5 

sodium alkenyl succinate n 

propanediol 1,5 

ethanol 3 . g 

sodium citrate 3.2 

Completing agent e.g. Deguest 2060 0,7 

Protease 0.5 

Amylase 0.1 

Sodium chloride 0.5 

minors and ^ter to 100% 


The pH can be adjusted to a value between 9 and 10. 
The enzyme comprises protease Mutant S020, alternatively S019, 
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S012, S004, $001, $003, S005, S021, S025, S035, S201, S202, • 
S223, S224, S225, S226 or S235. 

Detergent D13 

5 An aqueosss liquid detergent. composition is formulated 

to contain: 


sodium alXyl-benzene-sulnlionate 

8 

nonionlc detergent 

10 

oleic diethylamide 

10 

Fatty acid {C12/C18 75:25) 

18 

sodium citrate 

1 

triethanolataiue 

5 

propanol 

7 

ethanol 

5 

Beguest 2060 

0.5 

Protease 

0.5 

Assylase 

0.1 

minors and water 

to 100% 


20 The pH can be adjusted to a value between 9 and 10. 

The enzyme cowprises protease Mutant £020, alternatively S019, 
S012, S004, S001, S003, S005, S021, S025, S035, 8201, S202, 
S223, $224, S225, S226 or S235, 

25 Detergent D14 

A non-agueou» liquid detergent composition is 
formulated to contain {% by weight) s 
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liquid nonionic detergent {C1G-12, 6.2EO) 41% 

triacetin § 

linear alkylbenzenesuaphonic acid 6 

magnesium oxide stabiliser i 

5 Sodium carbonate builder/base is 

calcium carbonate builder s 

bleach activator T&SD 3.5 

bleach precursor perborate monohydrate io,5 

partly-hydrophobic silica 2 

10 protease 0.4 

lipase (Mpolase*) .3 
minors or additional 

liquid nonionic surfactant (no water) to 100% 


IS In formulating this composition, the liquid nonionie 

surfactant and triacetin are added first, followed by the 
magnesium oxide, then the other ingredients except enzyme. The 
mixture is milled in a colloid mill and cooled, and finally the 
enstyme(s) and any other heat-sensitive minors are added. 

20 *Ehe enzyme comprises protease Mutant SO20, alterna- 

tively S013, S012, S004, S001, S003, S005, S021, S025, S035, 
S201, S202, S223, S224, $225, S226 or S235. 

Also usable are any one of the detergent formulations 
25 described and exemplified in EP 0 342 177. 

Also usable are detergent formulations exemplified in 
EPO 342 17?, in conjunction with mutants as for detergent D3. 

30 

ggftER&TIOS* OF SITE-SPECIFI C MUTATIONS 

Site specific mutations were performed by the method 
35 of Morinaga et al» (Biotechnology, ss^rji). The following 
oligonucleotides were used for introducing the mutations: 
a) Slv 195 51a fS19Sg fSOOin; 

h 2?-»er mismatch primer, ifor-23? , which also ge- 
nerates a novel SacI restriction site: 
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Nor-237 5' GTATGGCGC hGIkGarC^ CAmGTCGC 3» 

Sael 

5 b) ATQ 170 TVT fR170¥ fS0031 1 8 

A 25~aer »is»atch priiaer, l*or~577, which destroys a 
HaeXII sit© 5 ■ 

10 Nor-577 3* cam^coGmiJMc&cscTOce 5* 

c) jj&juuLMa. ismsi .,f sop $) >, ? 

A 32-iser mismatch pri»er, Hor-735, which destroys a 
SphI site: 
IS SS&X 

Nor-735 5* AG6Ga&C^TGCK]a3»£^CGOTGC^A&TTTGA 3* 

20 A 32-mer mismatch primer, Hor-736, which generates a 

Xhol site; 

5* CAAATCCGC^TCATCTAAAGAAT2iCGGCAa.C 3' 
Nor-736 5* €3Uti&CCGC&«^ 3* 
Xhol 

25 

®) Eye, 23S, Lett fg23SL [MISili 

A 24~j»er mismatch primer f Hor77-856, which generates 
a JPStI site: 

30 Nor-856 5* G<XCTTGT'gCTGCAG&&G&ACCGA 3* 
SstX 


A ooshiaation of Hor-57? and Hor-23? was perforated in 
35 analogy with the above. 
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A castb ination of Nor-237 and Nor-736 was performed in 
analogy with the above. 

5 h * 170 yvxr to 2S1 . gi n (Emi^lll fsa i uu 

A combination of Nor-377 ana Nor-736 was perforated in 
analogy with the above. 

i > 17( > ffly 3,35 film X>vs 251 fflu CB17j^SiaMl^3JS 

10 -£S012j * ? 

A combination of Nor-577, Kor-237 , and Hor-736 was 
performed in analogy with the above. 

3> 1 95 Situ fcys 235 Leu fg1<3^g ? KS35T,) j 

1S A combination of u©r-237 and Hor-856 was performed in 

analogy with the above. 


k) to 170 Tyrf g X y 195 Stay aw 235 T**« ^ovp B^^^^Tjj. 

A combination of Kor-577, Bor-237, and Uor~856 was 
20 performed in analogy with the above. 

X > Si g 1 30 Agp? r,ys 235 Len ffllSgnrisas s L fsoisi > t 

& combination of Jior-735 and Nor-856 was performed in 
analogy with the above. 

25 

*&* 120 S* Y to? Tff« 215 lm (m2mi&USKl£225L 

A combination of iTor~735, Hor-237, and Nor-856 was 
performed in analogy with the above. 

30 

n > Sg&l ACQ 170 IVr; Giv ^ 5 Gin? I.ys 235. T. ff » 

A combination of Kor-735, Nor-577, Nor-237 , and Nor- 
856 was performed in analogy with the above. 

35 

°) SIS 129 Asp? Arcr 170 Tvr; G^ y ISS girt? Lva 235 I^ti y T.y« 
g,51 Gin (SXZ«??»170Y?W«»5Erg235l,.*ira g iE fgQ201 s 

A combination of lfor-735, Nor-577, »or-237, Nor-856, 
and Hor-736 was performed in analogy with the above. 
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Gapped duplex mutagenesis was performed using the 
plasmids pSX93, pSX119, and pSX120 as templates, 
5 pSX93 is shown in Figure 3 and is pUC13 (Vieira, J. 

and Messing, J.s 3,982, Sen© 19s 259-268) harbouring an 0,7 fcb 
Xbal-Bindlll fragment of the subtilisin 309 gene including the 
terminator inserted in the polylinker. 

For the introduction of mutations in the J*J-terminal 

10 part of the enzyme the pl&ssaid pSXIXS was used. pSX119 is pTJC13 
harbouring an EcoRI-XbaX fragment of the suhtilisin 309 gene 
inserted into the polylinker. Ifte templates pSX 93 and pSX119 
thus cover the whole of the suhtilisin 309 -gene. 

Plasmid pSX120 is a plasnid where the Bpal-Hindlll 

15 fragment with the suhtilisin 309 gene from pSX88 is inserted 
into EcoRV-Hindlll on pm 1681, in a way whereby the protease 
gene is expressed by the amy M and amy Q/promotors, pDN 1681 
is obtained from pDS 1380 (Mderichsen, B. and Christiansen, 
L» : 1988, PBHS Microbiology Letters 56s 53-60) with an inser- 

20 ted 2*85 bp Cial fragment from B. awipUqwfacieng carrying 
the amy 0 g*»« with promotor (TaKkinan et al.s 1983 , J. Biol. 
Chem. 258; X007ff.}. 33ie construction of pSX120 is outlined in 
Fig. i, showing that pi»«L681 is cut with Eco&S and Hindlll , and 
pSXSS with HindXII and Hpal, whereafter ligation results in 

25 pSX120 regulated by the amy M and amy Q promoters. 

Four further plasmids pSX170, pSX172, pSX173, and 
pSX186 were constructed for gapped duplex mutagenesis of the 
suhtilisin 309 gene: 

-pSX170s Sphl-I^m f 700 hp from pSX120 inserted into pUC 19 
30 spfal -Kpnl, from amino acid residue 170 in mature 

suhtilisin 309 to terminator. 
~pSX172s EcoRX-Sphl, 1360 hp from pSX120 inserted into pOC 19 

EcoHX~SphX, from the promoter to amino acid residue 

170 in mature suhtilisin 309. 
35 -pSXl?3: like pSXl?0, but with 0195E. 

-pSX186: PvuXXHBcoBX, 415 bp from pSX120 inserted into pDC 19 

HincI-EcoRX, from amino acid residue 15 to amino acid 

residue 206 in mature suhtilisin 309. 
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Figure 2 shows a somewbat detailed restriction map of 
pSX120 on which it is indicated which fragments were used for 
the construction of plasmids psxi70, pSX172, pSX173, and 
pSXISS. 

5 The mutation a) was performed by catting pSX93 with 

Xbai and clal as indicated in Figure 3 and described in the 
section «%®®mn<W Of S ITE PIBSCTSE MPTATIONS IN THE mara L j- 
SM_J§M1" and in unpublished International Patent Application 
no. PCT/OK 88/00002 (HOVO A/®) 
10 Mutations b) , d) and e) were performed corresponding- 

ly by cutting psxi70 by sphl and Kpnl, 

Natations f) and g) were performed as above, but with 
pSXX73 in stead of pSX170. 

nutation c) was performed correspondingly by cutting 
15 pSXise by PstI and BcoRI. 

^e mutations h) to o) were constructed by combining 
DNA fragments with single or double mutations b) to g) using 
the restriction sites NheX, xbal, Clal, Avail, and Kpnl as 
appropriate. 

20 Further mutants were produced using similar methods 

or general methods as known from the literature. 

SBl gmgSg CSSfoSBBRC? MOVANTS 

For certain examples of mutations in subtil is in 

25 Caxlsberg mentioned in this specification the following changes 
in the nucleotide sequence of the gene were introduced: 
Asp 14 Lys (D14K <C0OX}> {GAT -> A&<3) 
Asp 120 Lys <D120K {C002)) (GAT -> AAA) 

asp 140 Lys (D140JC (C003)} (GAC -> AAA) 

30 ^sp 14 Lys + Asp 120 Lys (B14K+D120K (C004)) 

Lys 27 Asp (mitt (C005)> (AAA ~> GAT) 
Lys 27 Asp + Asp 120 Lys (X27D+D120K (C006) ) 
Asp 172 Lys {DX72K (COOS)) (GAC -> AAA) 
Asp 14 Lys + Asp 120 Lys * Asp 140 Lys + Asp 172 Lys 

35 (Dl4K+D120K+D140K-fD172K (C010) ) 

val 51 Asp (V51D (ClOOJ) 

Slu 54 Thr (E54T (C101)) <<5GG -> ACA) 

<5XU 54 Tyr (E54Y (C102}) (GGG -> TAT) 
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These changes were introduced by changing the corre- - 
spending oligos in the fragments concerned. The correctness of 
the new sequences was confirmed after which the original oligos 
were replaced toy these new sequences and assembled into new DSNA 
5 fragments. Finally the fragments were re-assembled into the new 
subtil is in Carlsberg gene. 

SKPREffglQIf OF WThFS SV$?ILI$W& 

Subsequent to sequence confirmation of the correct 
10 nutation the rotated B&a fragments were inserted into plasmid 

pSX92 or pSXX20, Which were used for producing the mutanteu 

Plasmid pSX92 is shown in Figure 4 and was produced 

by cloning the sub 309 gene into plasmid psX62 cut at Clal, 

filled in with the Kienow fragment of DHA polymerase I and cut 
15 with Hindlll prior to the insertion of the fragments Dral~Nhel 

and Hhel-Hindlll from the cloned sub 309 gene. 

To express the mutants the mutated fragments (Xbal- 

Clal, Xbal -Hindi II, or BcofcX-XfoaX) were excised from the 

appropriate mutation plasmid psx93, psxii9, psxi70, psxi72, 
20 psxi?3, and pSXlS6, respectively, and inserted into pSX92, or 

PSX120 to obtain plasmids capable of expressing the various 

mutants. 

The mutated pSX92 or pSXl20 were then used to trans- 
form B. subtllis £8*497. 

25 The transformed cells were then spread on LB agar 

plates with 10 mM phosphate, pH 7, 6pg/ml chloramphenicol, and 
0.2% xylose to induce the xyn-promoter in the plasmid. The 
plates also contained 1% skim milk so the protease- producing 
traneform&nts could be detected by the clear halo where the 

30 skim milk had been degraded. 

After appropriate growth the mutated enzymes were 
recovered and purified. 

zym&mSZW W THE WWSZMSIF CffigMG SFggXSi? 
35 In order to produce protease enzyme on the basis of 

the microorganisms carrying mutant genes for BFfP as described 
above, a sushton-type chemoferm fermenter was generally used 
with an eight flat blade impeller and a working "volume of 8 
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litres, Th<z fermenter configuration was prepared conform to 
the safety regulations for vm and consisted of: 

a) A pressure controller (type 4-3122, Bell & Howell) 
cutting off air supply above £t + l Mr overpressure. 

5 This is done to prevent clogged exhaust air filters. 

b) A foam trap on the gas outlet made from a 20 1 suction 
vessel having anti-foam on the bottom. 

c) h cooling water jacket without seals in order to 
prevent contamination of the cooling water or tap- 

10 water drain. 

d) An absolute exhaust filter is used (Gelman aero 50, 
0.45 micron) , 

e) Sampling via a sampling pump device with a small 
internal volume. 

15 

Controls 

Gas flows were controlled using mass-flow meters 
(Brooks, type 5852, range 0-10 1} . 

PH was controlled using a Hartmann and Braun trans- 
20 altter and a Philips controller (Witromat) . Concentrated NaOH 
(3K) was used as a neutralizer. 

Exhaust gases were analyzed using a Unor 4N (C02) and 
an Oxygor 7H {02} from Kaifcak, Westinghouse. Oxygen tension in 
the medium was determined using an industrial polarographic 
25 sterilisable oxygen probe (Ingold type 322756702) . 

The medium temperature was monitored using a PT100 
sensor and a Honeywell temperature controller (class 84). 
Foaming was kept at an acceptable level using a contact 
electrode, while a level switch activated an anti-foam dosage 
30 pump. 

Ml external controls were put under the control of 
a Hewlett Packard microcomputer (HP220) . 

Cultivation conditions 
35 She inocula were prepared by incubating a shake flask 

culture at 30 *c for 16h at 250 rpm in a rotary shaker (LH 
fermentation, type HKx) * 300 ml inoculum was used for 8I» medium 
being conditioned at the actual fermentation conditions (pH 
7.0, 30'C, air flow 3.5 1/min, stirrer 1000-1500 rpm) . 
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Dissolve oxygen concentration was leept 25% above air satura- 
tion, j&oti foaming agent used was a silicon oil based mate- 
rial {Khodorsil R426, Rhone Poulenc} * 


5 Production of subtilisin proteases 

The (mutant) proteases were produced using the B. 
subtil is &B105 strain containing the mutant gene as described 
under gene construction. The culture medium consists of * 8 g/1 
NH4C1 ; 4 g/1 XH2B04? 4 g/1 K2HP04? 2 g/1 NaCl? 1 g/1 
10 MgS04«2H20; 10 g/1 yeast extract? 40 g/1 sucrose; ; pH 7.0 and 
sterilized 45 mtn at 120 'C. After sterilization 25 mg/1 
tryptophan? 20 sag/ 1 Heomycin were added. Fermentations were 
stopped after 20 - 30 hours. The media were cleared from cells 
by centr i f ugation . 


15 


PRPTEPl»YT£g OXJ 

The proteolytic activity of various mutants was tested 
against casein as protein substrate, according to the IMC 
method supra . The results are presented in Table IV. 

From the table it is seen that mutant (S005) exhibits 
a slightly enhanced activity compared to the parent (£000} , 
whereas the remaining mutants exhibit a slightly decreased 
activity. 

TABLE IV 

ffroteolytio, , , , Acfciyity, „ saf, „ .Sftafeant, , , .fcuMM, is Irs, 
Hutant Relative Activity 

Hone (S000) 100 
S001 95 

5003 90 

5004 85 

5005 105 

5006 100 
S012 SO 
S017 90 

5019 70 

5020 75 
S024 70 
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WASH mffQ««&Hgg of MUTANT ?i?BTXMg;mg, 
As 

The wash performance of various mutants in the 
standard liquid Detergent of pH 8.14 was tested in a model 
5 system against grass juice according to the methods detailed 
supra. The results are presented in table V. 

Table v 
Delta H values: 
10 Kutant Enzyme Concentration 



i.o mg/1 

10. 0 mg/1 

sooo 

4.0 

10.7 

soox 

5.9 

12. S 

S003 

6.0 

13.5 

S004 

5.8 

13.0 

S012 

4.2 

9.6 

S019 

10.5 

19.4 

S02© 

9.4 

18.6 


20 From the table it is seen that all of the tested 

mutants exhibited improved or egual wash performance compared 
to the wild type parent enzyme. The wash performance of the 
mutants S019 and S020 is improved so that 1.0 mg/1 of these 
enzymes roughly stated should be able to replace .10.0 mg/1 of 

25 the wild type parent enzyme, thereby indicating a substantial 
improvement in the wash performance for the mutant enzymes of 
the invention* 

B: 

30 She results from tests of some of the enzyme variants 

of the invention in the modified commercial US liquid deter- 
gent at various pH values in a model system are shown in Table 
VI- 
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Table VI 

wash laerformanoe at different ob»s 
Mutant Delta S 




PX 8 PH 

8,0 

9.0 

10.0 

11,0 

5 

sooo 

10.02 

1.4 

2.6 

3.1 

10,1 


S001 


a.i 

4.0 

6.6 

14.0 


S003 

9. 86 

2.3 

5.0 

S.l 

14,1 


S004 

9.68 

4.1 

9.7 

11.7 

10.9 


soos 

§.71 

2.2 

4.3 

6.3 

13.9 

10 

$012 

9.09 

5.7 

11.9 

13. S 

6.3 


S019 

9.09 

6.4 

10.7 

12.2 

3.7 


S020 

6.71 

7.8 

10.6 

8.5 

2.4 


The results show clearly, that shifting the pi of an 
15 enzyaae in a direction where it is desired to shift the pH 
optimum for the wash, performance of the enzyme to approach the 
pE of the wash liquor improves the wash performance of the 
enzyme. 

20 d: 

The wash performance of various mutants was tested 
against grass juice stained cotton cloths according to the 
method described in Assay h. 

2.0 g/1 of a liquid detergent (Detergent D3) was used, 
25 The detergent was dissolved in ion-exchanged water. pH was 
adjusted to 9.1 with NaOH/ffCl. 

The temperature was Kept at 20 *c isothermic for 10 

rain, 

The mutants was dosed at 0.25; 0.5? 1.0? 2.0? 5.0? and 

30 10.0 mg ensyae protein/1 each. 

The stability of the mutants tested was determined by 
measuring the denaturation temperature (maximum excess heat 
capacity) by differential scanning calorimetry, DSC. The 
heating rate was 0.5"C/min. 

35 The stability was tested In a solution containing 

approx. 2 mg/ml of the mutant in 91% standard liquid detergent, 
the composition of which is described in assay &. The solution 
was mad© by mixing 100 |tl of enzyme solution (approx. 20 mg 
enzyme/ml in a buffer of 0.01 M dimethylglutaric acid, 0.002 
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M CaClj, 0,2 & H^BOj and 0-0.1 If mci pH §.5) with 1000 jttl 
standard liquid detergent. 

Within the group of subtilisin 309 mutants stability 
results obtained by BSC are consistent with stability results 
5 obtained by traditional storage stability tests. 

Results 

•The wash performance of various mutants in liquid 
10 detergent is presented in Table VXX. The results are shown as 
improvement factors relative to the wild type parent enzyme. 
The improvement factor is defined as in Assay C. 

Also shown in Table VXX is the denaturation tempera- 
ture in standard liquid detergent by DSC, and the difference 
IS between the denaturation temperature af the wild type patent 
enzyme and that of the mutant in question. 

Table vn 



mutant 


Improvement 

Denaturation 

Denaturation 

20 


calcu- 

factor 

temperature 

temperature 



lated 


by BSC 

toy DSC rela- 





f«C) 

tive to sooo 


S 000 

10.06 

1 

65.2 

0.0 


S 020 

7.30 

7.6 

58.2 

-7.0 

25 

S 021 

9.S5 

1.3 

69.2 

+4,0 


S 022 

S.07 

9.3 

61.9 

-3.3 


S 023 

S.05 

8.8 

63.5 

-1.7 


S 024 

6.86 

3.9 

60.6 

-4.6 


S 025 

8-54 

6.7 

69.1 

+3.9 

30 

S 035 

8.07 

7.0 

72.5 

+7.3 


S 201 

9.85 

1-4 

69.4 

+4.2 


From Table VXX it is seen that all of the tested 
mutants exhibit improved wash performance compared to the wild 
35 type parent enzyme. The best wash performance is achieved by 
the Mutants having px„ equal to or just below the pH of the 
wash solution. 

Denaturation temperature by DSC shows that the 
stability of the single mutants S 021 (*36D) and S 201 (K76D) 
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is increased by 4.0*c and 4.2 e C respectively relative to the 
wild type parent enzyme. 

Among the mutations that are incorporated in one or 
more of the mutant© listed in Table Vll it ha© been shown that 
5 the imitations R170Y and K251E destabilize the mutant relative 
to the wild type parent enzyme, whereas the mutations B120D, 
G195E and K235L is indifferent with respect to stability. 

It is seen from Table ¥11 that mutants containing on© 
destabilizing mutation are destabilised, even in cases, where 

10 a stabilizing notation is included. 

The stabilizing effects of *36D and 876I> are additive. 
This is shown by the mutants s 025 and s 035. S 025 contains 
three mutations which are indifferent to stability and the 
stabilizing mutation *36B. The denaturation temperature for S 

15 025 is increased by 3.9*C relative to the wild type parent 
enzyme, which is equal to the increase measured for the single 
mutant *360, S 021, S 035 contains the same mutation N76D. The 
denaturation temperature for S 035 is increased by 7.3'C 
relative to the wild type parent enzyme, which, within 

20 experimental error, is equal to the sum of the increase 
measured for the single mutants *36D, S 021 and H76D, S 201. 

B: 

The wash performance of three mutants was tested 
25 against grass juice stained cotton cloth according to the 
method described in Assay 

2*0 g/1 of liquid detergent m was used. The detergent 
was dissolved in ion-exchanged water, pH was adjusted to 9.1 
with NaQS/HCl. 

30 The temperature was kept at 30 *C isothermic for 10 

min. The mutants were dosed at 1.0 and 10. 0 mg enzyme protein/1 
each. 

35 The imsh performance of three mutants in commercial 

US-liquid detergent was tested against grass juice. The results 
are shown in Table VIII. 
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Table m*I 

Delta R values: 

calculated Ensyme concentration 

MataBt P* c 1.0 mg/1 30,0 Bg/T 

5 S 000 4.5 i 3 . 6 

S 003 9-75 9.4 i 8 !o 

S 004 9.54 13.7 w#i 

S 006 9.85 6,o 15 . 6 

10 From Table viri it is seen that all of the mutants 

exhibit improved wash performance relative to the wild type 
parent enzyme. It is further seen that the best performance is 
achieved by the mutant having pl c closest to the pH of the wash 
solution. 

15 

F: 

The wash performance of two mtants was tested against 
grass juice stained cotton cloth according to the conditions 
described in Exasple E. 

20 

Results 

The wash performance of two mutants in detergent D3 
was tested against grass juice stained cotton cloth. The 
results are shown in Table XX. 

25 

Table IX 

Delta R values; 
calculated . Ensyme concentration 
Mutant 1.QW3/1 30.0 m^l 

30 s °°0 10.06 5.8 15.3 

3 617 5.40 17.0 20.8 

JProm Table IX it is seen that all of the mutants 
35 exhibit improved wash performance relative to the wild type 
parent enzyme, it is further seen that the best performance is 
achieved by the mutant having pl c closest to the pH of the wash 
solution. 
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Gi 

The wash performance of various mutants was tested on 
grass juice stained cotton cloth according to the method 
described in Assay &» 
5 2*0 9/1 of detergent D3 teas used. 

foe detergent was dissolved in buffer (0,0025 M Boric 
acid and 0,001 K dis odium hydrogen phosphate prepared in ion 
exchanged water}* pH was adjusted to 7.0 t 8*0 , 9*0 , and 
10.0 respectively with IfaOH/HCl. The temperature was kept at 
10 30'C isotheraic for 10 min. 

The mutants were dosed at 0,2 mg enzyme protein/1 

each. 
Kasults: 

15 The wash performance of soiae of the enzyme variants 

of the invention at various pH values in a model system are 
shown in table X* 


Table X 


variant 

S000 
S015 
S021 
S01? 
S025 


K235I, 
*36B 

H120B,<3195E,K235]L 
*36D f HX20D,K170¥, 
K235X, 

G195E.K235I, 

*36B,H120B,m70¥ f 

S195E,K235I.,K251E 


pl 0 pH 7.0 
10.06 0,6 


9.95 
9.85 
9*40 


1*3 
2.1 
2.9 


Delta R 

8-0 

0*8 

2.4 

3.2 

5.4 


9.0 10-0 
4.4 7.0 
6.0 8.8 

5.6 8.3 
10.8X4,1 


The results in Table X show clearly, that shifting 
the pi of a protease towards the pH of the wash liquor 
35 improves the wash performance of the protease. 

The results also show, that all variants tested have 
improved performance compared to the wild type parent enzyme 
at pH below 10*0. 


B. 

5*11© wash per£or»anee of various mutants was tested 
on grass juice stained cotton "cloths according to the method 
described in Assay a. 
5 2,0 9/1 of liquid detergent S3 was used. The" 

detergent was dissolved in 0,005 x glycine prepared in ion- 
exchanged water), pH was adjusted to 10.0, 10.25 , 10.50 
10.75 , li.o , 11.5 , and 12.0, respectively, with NaOH. The 
temperature was kept at 30*C isothermic for 10 minutes. 
10 **** mutants were dosed at 0,2 mg enzyme protein/1 


Results s 

The wash performance of some of the enayme variants 
is of the invention at various pH values in a model system are 
shown in table XX. In this case variants with slightly higher 
pi than the wild type parent enzyme was investigated. The pH 
range from pH 10.0 to 12.0 is investigated in more details 
than in prior examples. 

20 

Table K\ 


25 


30 


35 


variant 

Mutation 



Delta R 







pH 10.0 

10.25 

last) 

sooo 



10.06 

7.0 

8.7 

30J5 

S027 

358 9S 


10.28 

6.0 

8.5 

9.8 

8028 

D181N 


10.28 

6.9 

9.8 

10.6 

8032 

D197F 


10.28 

4.7 

9.2 

10.8 

S033 

J3271Q 


10.28 

7.1 

6.7 

7,8 

S031 

D197N,£2710 


10.53 

4.7 

7.2 

7,0 

Variant 

Mutation 



Delta R 







10.75 11.0 

11.5 

12.0 

sooo 


10.06 

12.5 14.4 

10.6 

3.8 

802? 

E89S 

10.28 

11.9 14.3 

12.8 

5.0 

S02S 

D1S1N 

10. 

.28 

13.0 14.4 

10.7 

4.6 

S032 

D197N 

10.28 

13.8 13.5 

11.3 

5.0 

S033 

E271Q 

10. 

.28 

10.4 13.7 

13.3 

6.3 

S031 

Dl$7jj r E27lQ 10.53 

iO*7 13.0 

14,4 

8.7 
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She data in table XI show, that at high pH values 
jaax:imu» perfor»ance is achieved at pH values a little above 
•Hie calculated pi. Still increasing the pi of the protease 
tends to increase the pH of maximum performance. The effects 
5 are not as pronounced as it is seen at low pS values (assay B 
and G) . 

I: 

In order to visualize the correlation between 
10 isoelectric point of the protease and the pH at which the 
protease bas its maxitaum performance, the results from 
examples B, g, and H are used to find the pH at which each of 
the investigated variants {and the wild type parent enzyme) 
has its maxlmon performance. In Figure 5 this P H m ^ x is sbown 
15 as a function of the calculated pl^. 

Talcing into account, that the pH range is investi- 
gated in steps of 1-0 pH value the correlation is obvious. 

Concerning the combination of the mutants of the 
20 invention with lipase experimental results led to the following 
practical conclusions : 

Lipase was stable for an hour in wash liquor of type 
O at 37* C. The presence of Savinase* led to rapid deactivation. 
Kaausase* led to substantially less inaetivation of lipase over 
25 the period of the test. 

Proteinase K was seen to be less aggressive to lipase 
than Savinase*, but aore so than Kazusase*. Subtilisin BJST' 
did not however inactivate lipase at all under these condi- 
tions. 

30 

Preferred proteases for use e.g* in connection with 
lipase in wash compositions i^epresented by type O, are Mutants 
S001, S003, S004, SQ12, S019, S020, S021, S025, S035, §235. 

Type O wash liguor was a 5 g/1 solution at 37 *C 
35 derived from the following detergent forwulation (% by wt) : 
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anionic surfactant 

6 

nonionic surfactant 

5 

fatty acid 


acrylic polymer 

3 

zeolite 

22 

carbonate 

10 

sulphate 

17.5 

clay 

8 

tertiary amine 

2 

perborate* monohydrate 

13 

minors and water 

to 100. 


A preferred protease for use e.g. in connection with 
lipase in wash compositions represented by type w, is mutant 
15 S020, SG21, S025, S035, S235. 

Type W wash liquor was a 2 g/1 solution of a liquid 
detergent Having the following f oraulation (% by wt) s 


anionic surfactant 

16 

nonionic surfactant 

7 

hydrotrope 

6 

citric acid 

6,5 

NaGH 

4,1 

monoethanolaiaine 

2 

minors and water 

to 100, 


Although the present invention has been discussed and 
exemplified in connection with various specific embodiments 
30 thereof this is not to be construed as a limitation to the 
applicability and scope of the disclosure, which extends to all 
combinations and subcombinations of features mentioned and 
described in the foregoing as well as in the attached patent 
claims. 
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1 . A mutated subtilisin protease, Characterised in that 
the net electrostatic Charge has been changed in comparison to 

5 the parent protease at the same pH, for example in that, in 
said protease there are, relative to said parent protease, 
fewer or more positively-charged amino acid residue (s) and/or 
more or fewer negatively-charged amino acid residue (s) , among 
the amino acid residues at any one or more of positions 

10 1, 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, 18, 19, 20, 21, 22, 24, 
25, 27, 3$, 37, 38, 40, 41, 43, 44, 45, 46, 49, 50, SI, 52, 53, 
54, 55, 56, 57,-58, 59, 60, 61, 62, 75, 76, 77, 78, 79, 87, 89, 
91, 94, 97, 98, 99, 100, 101, 103, 104, 105, 106, 107, 108, 
109, 112, 113, 115, 116, 117, 118, 120, 126, 128, 129, 130, 

IS 131, 133, 134, 136, 137, 140, 141, 143, 144, 145, 146, 155, 
156, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 170, 
171, 172, 173, 181, 182, 183, 184, 185, 186, 188, 189, 191, 
192, 194, 195, 197, 204, 206, 209, 210, 211, 212, 213, 214, 
215, 216, 217, 218, 235, 236, 237, 238, 239, 240, 241, 242, 

20 243, 244, 245, 247, 248, 249, 251, 252, 253, 254, 255, 256, 
257, 259, 260, 261, 262, 263, 265, 269, 271, 272, 275, 
by deletion, substitution, or insertion {single or multiple) 
adjacent to the indicated, positions, whereby said subtilisin 
protease has an isoelectric point {pX a > lower than that of said 

25 parent protease, 

2. A mutated subtilisin protease in which the net elec- 
trostatic charge has been changed in comparison to the parent 
protease at the same pH, for example in that in said protease 

30 there are, relative to said parent protease, more or fewer 
positively-charged amino acid residue (s) and/or fewer or more 
negatively-charged amino acid residue (s) , among the amino acid 
residues at any one or more of positions 

1, 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, 18, 19, 20, 21, 22, 24, 
35 25, 27, 36, 37, 38, 40, 41, 43, 44, 45, 46, 49, 50, 51, 52, 53, 
54, 55, 56, 57, 58, 59, 60, 61, 62, 75, 76, 77, 78, 79, 87, 89, 
91, 94, 97, 98, 99, 100, 101, 103, 104, 105, 106, 107, 108, 
109, 112, 113, 115, 116, 117, 118, 120, 126, 128, 129, 130, 
131, 133, 134, 136, 137, 140, 141, 143, 144, 145, 146, 155. 
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156, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 170, 
171, 172, 173, 181, 182, 183, 184, 185, 186, 188, 189, 191 ' 
192, 194, 195, 197, 204, 206, 209, 210, 211, 212, 213 ' 214 ^ 
215, 216, 217, 218, 235, 236, 237, 238, 239, 240, 241, 242, 
5 243, 244, 245, 24?, 248, 249, 251, 252, 253, 254, 255, 256, 
257, 259, 260, 261, 262, 263, 265, 269, 271, 272, 275, 
by deletion, substitution, or insertion (single or multiple) 
adjacent to the indicated positions, whereby said subtilisin 
protease has an isoelectric pH (pl ft ) higher than that of said 
10 parent protease. 

3. Ttm protease of claim i or 2, characterised in that 
it possesses at least one saltation affecting an amino acid 
residue occupying a position chosen from the group of posi- 

15 tions 

1, 2, 3, 4, 14, 15, 17, 18, 20, 27, 40, 41, 43, 44, 45, 46, 
51, 52, 60, 61, 62, 75, 76, 78, ?9, 91, 94, 97, 100, 105, 106, 
108, 112, 113, 117, 118, 129, 130, 133, 134, 136, 137, 141, 
143, 144, 145, 146, 165, 173, 181, 183, 184, 185, 191, 192' 
20 206, 209, 210, 211, 212, 216, 239, 240, 242, 243, 244, 245, 
247, 248, 249, 251, 252, 253, 255, 256,' 257, 259, 263, 269, 
271, 272, 

4. The protease of claim l, 2, or 3, characterised in 
25 that it possesses at least one mutation affecting an amino acid 

residue occupying a position chosen from the "group of posi- 
tions 

if 2, 3, 4, 14, 15, 17, 18, 20, 27, 40, 41, 43, 44, 45, 46, 
51, 52, 60, 61, 62, 75, 76, 78, 79, 91, 94, 97, 100, 105, 106, 
30 108, 112, 113, 117, 118, 129, 130, 133, 134, 136, 137, 141, 
143, 144, 145, 146, 165, 173, 181, 183, 184, 185, 191, 192, 
206, 209, 210, 211, 212, 216, 239, 240, 242, 243, 244, 24s' 
247, 248, 249, 251, 252, 253, 255, 256, 257, 259, 263, 269, 
271, 272, 

35 and at least one further mutation affecting an amino acid 
residue occupying a position chosen from the group of posi- 
tions 

1, 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, IS, 19, 20, 21, 22, 24, 
25, 27, 36, 37, 38, 40, 41, 43, 44, 45, 46, 49, 50, 51, 52, 53, 


WO 91/00345 


82 


54, 55, 56, 57, 58, 59, 60, 61, 62, 75, 76, 77, 70, 79, 87, 89, 

91, 94, 97, 98, 99, 100, 101, 103, 104, 105, 106, 107, 108, 

109, 112, 113, 115, 116, 117, 118, 120, 126, 128, 129, 130, 

131, 133, 134, 136, 137, 140, 141, 143, 144, 145, 146, 155, 

5 156, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 170, 

171, 172, 173,. 181, 182, 183, 184, 185, 186, 188, 189, 191, 

192, 194, 195, 197, 204, 206, 209, 210, 211, 212, 213, 214, 

215, 216, 217, 218, 235, 236, 237, 238, 239, 240, 241, 242, 

243, 244, 245, 247, 248, 249, 251, 252, 253, 254, 255, 256, 
10 257, 259, 260, 261, 262, 263, 265, 269, 271, 272, 275. 

5. A protease as claimed in any preceding claim, ftirtlxer 

characterised in that it contains one or more of the muta- 
tions; 

IS HI OF, £101*, R1OF4R45A40S89S+B136Q+R145A+D181N+R18 6P+E2 7 1Q , 
R10F+R19Q+E89S+E1360+R145A+B18XH+E27ia+R275Q, Q12K, Q12K, 
Ql 2K+P14 D+T2 2K-HI 4 3R-K259E+8T761HA9 8R+S 9 9 D+S 15 6B+A15 8R+A1 7 2 lM~ 
H173K+T213R^«248I>fT255E4-S256K+S259EH-&272R, $X2R*P14D+T22K+*il4 3R+ 
Q59B+N76I>J-A38R+S99:D+S156£+2^ 

20 S256K+S259EH-A272R, Q12K+P14D+T22K-i-T38K+S43R+a59E+N76D+A98R+ 
S99D+S156E+A158R-i-R172D+H173K+^213R+S248D+i:255E-fS256K+S259+ 
A272R, . ei2R+P14D+T22IH^38R+H43R^a59E+M76D+A98R+S99I>+S156E+ 
A158R*A172£M-JH73K+T213R+»248IHT255E-<-S256K-fS259IHA272R, Q12K+ 
P14D4-1!22K4-3?38K-^43R-i-Q59E+S76D4-A98R*S99D+H120l>+H14 00+S 14 1R+ 

25 S156E+A158R+A172IH-?ri73E+T213S+H248EH-T255E+S256K+S259I>fA272R, 
Q12R+P14D+T22R+T38R+K43R+Q59E+N76IM-A98S+S990+H120D+N140D+ 
S141R+5156E4-A158R^A172IH^173K^13R+H248I>+T255E+S256K+S259D+ 
A272R, P14D, P14K, P14K+*36D, P14K+N218D, P14K+P129D, A15K, 
A15R, R19Q, T22E, T22R, K27R, K27V, D32*, *36D, *36D+R170Y+ 

30 G195E+K251E, *"36D+K120t)+R170Y+G195E+K235L, *36EM-H120D+R170Y+ 
G195E+K235XH-K251X, *36D+E120I>fG195E+K235L, T38K, T38R, D41E, 
H43R, N43K, S45A, E53R, B53K, E53G+K235I*, E54G, E54Y, Q59E, 
Q59E+S76£H-A98R+S99D+S156E+A158R+A172D+N173K't-T2 13R4-N2 48D+ 
T2551+S256K*S259D*A272R ,D60K, 1*7 6D ? E89S, E89S+K251N, Y91F, 

35 K94R, G97D, G97IHH120K, A98K, A98R, S99D, S99D+R140K, E112T, 
H120E, H120U, H120B4-E235I,, H120I>fS1951+ X235I., H120D+R170Y+ 
G195E+E2351,, Ba201Hm70¥^195E+K235I^*K251E, P129D, 1136Q, 
E136K, E136R, E1360+R10I,, U140B, 1314 OK, B140R, S141K, S14UR, 
R145A, S156E, S156E+A158R+A172D+K173K, S156E+A15 8R+A17 2IH- 
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K173K+T213R, SX56E+AX58R+A172D+N173X+T213R+N248IHT255B+- 
S256K+S259D+A2?2R f A158R, A158K, Y167V, RX70Y, R170Y+G195E, 
R170Y+K25XE, RX70Y+G195B+K25XE, RX70Y+G195E+K2 35L, Y171E, 
YX71T, AX72D, NX73K, DX8XH, NX84K, NX84R, NX85D, RX86P, Y192V, 
5 YX92V,*, G195E, GX95B, G195E+1J2X3R, GX95E+&251E , G195E+K235L, 
DX97H, B197K, D197R, Q206B, Q206E, Y209L, T213R, T2X3K, Y214T, 
Y2X4S, mim f N2X8S, K235L, K235R, X237R, W24XY,L, W241Y+B249R, 
W24XI*H249R, S248D, H24SR, X25XR, K25XE, K251N, T255E, S256R, 
S256K, S259L, S259D, Y263W, S265X, S265R, E271Q, E271G, E271G+ 
10 K27V, B27XO,,G, A272R, &272R, R275Q, 

D14K, DX4K+D120K, DX4K+DX20K+B14OK, D14K+DX20K+D140K+D172K, 
K27D, K27D+DX20K, E54T, E54Y, H97D, H97D+S98D, N97D+T2X3D, 
S98D, S98£H-T213D, DX20K, D140K, S156E, D172K, T2X3D, N2X8D. 

15 6. & protease as claimed in any preceding claim, further 

characterised in that the mutated siibtilisin protease compri- 
ses one or more of the mutations: 



S001) 

G195E 


S002) 

G195D 


S003) 

R170Y 


S004}- 

R170Y+G195E 


$005) 

K25XE 


S0CH>) 

H120D 


SO08) 

H120D*G195E 

25 

S00S} 



8010) 

27X0+G195E 


SOXX) 

E170Y+K251E 


8012} 

R170Y+G195E+K251B 


S0X3) 

T7XD4-R170Y+K251E • 

30 

8014) 

T71£H*170Y+G195RfK251B 


8015} 

K235I* 


S0X€} 

E120D4K235L 


8017 J 

SX20D+G195E+K235XV 


8018} 

GX95E+K25XE 

35 

8019} 

H120iHR170Y+Gi95E+E23SL 


8020} 

512 OD+RX70Y+G195E+K2 3 5i>K2SIE 


8021} 

*36B 


S022) 

* 3 6D+RX7 0Y+G195E+K2 51E 


8023} 

*3 6D+H120D+R170Y+G195E+K235L " 


rr-^ 

WO 91/69345 

S024) 
S025) 
S026) 
S027) 
5 S028) 
S029) 
S030) 
S031* 
S032) 

10 S033) 
SOS 5} 
S041) 
S20i) 
S202) 

3.5 S203) 
S204) 
S223) 

S224) 

20 

S225J 


S226) 
25 S227) 


S228J 

30 

S229) 


S234) 
35 S235) 
S242) 
C001) 
C002) 
C003) 


FCT/DK9MMH64 

84 

*36D+H120tH-R170y+G195E-»-K235I^K251E 

*3 61>f H120EH-G195E-t-K2 3 51, 

E136R 

E89S 

D1S1N 

E89S+E136R 

DX97N*E2?ia 

D197N 

E271Q 

*36D4-K761H-H1201>HS1&5E-S-K235L 
G195F 

M76DfG195E 

H7 6D4-R170Y-J-G195E 

H120D+G195E+K235I/4-K251E 

a59E+»7 6fH*9«It*S99J>«r2 X3K+X2 35XV*N2 4 8 D+T2 55E+ 
S2 56K+S 2 59D+A272K 

Q5SE+H76IH-&98R-t-S99EH-H120D-t*H140B+S141R+K235I>f 
F2 4 8D+T2 55B+S256K+S2 5 7 2R 

*36D+Q59E-fli76l>+A98R-fS99IM-R170Y+S156E+A15SR+ 

A172D+H173R4-K235r*^f248IH-T255E-J-S256K+S259IH 

A272R 

*36Q 

*36iHQ59E+K76IH-&98S+S99D^HX20i)+Na40D+S141R+ 

R170Y+<J195E-«-K235i>»248EH-T255E4^256K+S259D* 

&272R 

*36D+Q59B+N76!HA98R+S99D+Hi20D+NX40D+S14XR+ 

S15«E+A.158R+M.72I>+in.73K^K2353>H248D+T255E4- 

S256K+S259IHA272R 

Q59E-fH76W-A98R+S99IM-H1201>«fl40D+S141R+S156E+ 

ja58R+A172EH-H173K+K2351VfH248t>+ s J?255E+S256K+ 

S259D+A272R 

Q286© 

*36IH-S7S0 

*36^fN7SD+S120D+G-195E+K235L 

D14K 

DX20K 
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C004) 

SD14K+D120E 

COOS) 

K27D 

C0O6) 

K27E>+D120K 

CO08) 

D172K 

C009) 

D14K+D120K+B140K 

CO 10) 

D14K:+I>120K+D140K+D172K 

C013) 

H97t» 

C014) 

S98D 

C015) 

T213D 

C01?) 

S156E 

001$) 

U97&+S98D 

CO 19} 

N97D4-T213D 

C022) 

S9SD+T213D 

C028) 

U218D 

C100) 

V51D 

C101) 

E54T 

C102) 

E54Y 


7. A mutated subtilisin protease, characterised in that 

20 it possesses an insertion mutation at position 36. 

8 * A protease according to claim ?, characterised in 

that it possesses ars insertion mutation giving a negatively 
charged aaino-acia residue at position 36, for example *36D or 
25 *36£. 

9. A protease according to claim 7, characterised in 
that the insertion mutation provides a neutral amino-acid 
residue, e.g. a neutral polar residue, e.g. *36A, *36Q, or 

30 *36Sf, or a positively-charged ajaino-acid residue, e.g. *36R or 
*36K. 

10. a protease according to claim 7, characterised in 
that it possesses a further mutation at any one or more of 

35 positions 120, 170, 195, 235, and 251, e.g. *36D and one or 
more of H120D, R170Y, G195E, X235L, and K251E? or *36Q or *368 
and one or more of H120D, E170X, 0195E, K235L, and K251E. 
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11. A protease according to claim 7, characterised in 
that it possesses a further mutation at position 76, e.g. to 
substitute a negatively-charged amino acid residue at position 
76, e.g. WJSB or 1S76E. 

5 

12. & protease according to claim 11, characterised in 
that it possesses a further mutation at mutation at any one or 
more of positions 120, X70, 195, 235, and 251, e.g. *36IHN76D 
and one or more of S120D, K170Y, G195E, K23SL, and K2511; or 

10 *36Q+876D or *36B+N76D and one or more of H120XJ, R170Y, G195B, - 
K235L, and 2C251E. 

13. & protease according to claim 7, characterised in 
that it possesses a further mutation to give a positive charge 

15 elsewhere in the protease molecule, for example at position 
213, for example T213K. 

14. A mutated sufctilisin protease, characterized in that 
one or wore amino acid residues in a distance of more than 15& 

20 from the catalytic triad of said protease has been changed in 
comparison to the amino acid sequence of its parent enzyme, 
and in a way to provide for a mutant protease having an 
isoelectric point, pl e , shifted in the same direction as it is 
desired to shift the pH optimum for the wash performance of 

25 said mutated protease. 

15. A protease according to any of claims 1 to 14, 
characterised in having an isoelectric point (pl ft > lower than 
that of the parent protease, and having one or more mutations 

30 eguivalent to removal of a positively-charged amino acid 
residue or addition of a negatively-charged amino-acid residue, 
relative to the parent protease, at the site of at least one 
amino-acid residue located within the range of about 15&-20& 
from the active site, especially for example at positions 170, 

35 120, or 195. 

16. A protease as claimed in any preceding claim, further 
characterised in that it represents a mutation of a parent 
enzyme selected from subtilisin MS subtilisin amylosac 
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chariticus, subtilisin 168, subtilisin meseutericopeptidase, 
subtilisin Carlsberg, subtilisin D¥, subtilisin 309, subti- 
lisin 147, theraitase, aqualysin, Bacillus PB92 protease, 
proteinase X, Protease TW7, and Protease OT3« 

S 

17. A protease as claimed in claim is, farther characte- 
rised in that the parent subtilisin is subtilisin 309, 

18. A protease as claimed in claim 16, further characte.- 
10 rised in that the parent subtilisin is subtilisin 147. 

19. A protease as claimed in claim 16, further characte- 
rised in that the parent subtilisin is subtilisin Carlsberg. 

15 20. a protease as claimed in claim 16, further characte- 

rised in that the parent subtilisin is Bacillus PB92 protease. 

21. & method for determining or selecting the posi- 
tion {s) and the amino acid(s) to be deleted, substituted or 

20 inserted for the amino acid(s) in a parent enzyme, charac- 
terized in that the selection is performed in a way whereby the 
calculated net electrostatic charge («HEC) in a contemplated 
mutant enzyme has been changed in comparison to the mc in the 
parent enstyme of choice calculated at the same pH value. 

25 

22. the method of claim 21, further characterized in that 
the amino acid residues selected are situated on, at or near 
to the surface of said parent enzyme. 

30 23, The method of claim 21 or 22, further characterized 

in that the amino acid residues selected are chosen among the 
amino acid residues at any one or more of positions 
1, 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, 18, 19, 20, 21, 22, 24, 
25, 27, 36, 37, 38, 40, 41, 43, 44, 45, 46, 49, 50, 51, 52, 53' 

35 54, 55, 56, 57, 58, 59, 60, 61 r 62, 75, 76, 77, 78, 79, 87, 89, 
91, 94, 97, 98, 99, 100, 101, 103, 104, 105, 106, 107, 108, 
109, 112, 113, 115, 116, 117, 118, 120, 126, 128, 129, 130, 
131, 133, 134, 136, 137, 140, 141, 143, 144, 145, 146, 155, 
156, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 170, 
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171, 172, 173, 181, 182, 183, 184, 185, 186, 188, 189, 191, 

192, 134, IBS, 197, 204, 206, 209, 210, 211, 212, 213, 214, 

215, 216, 217, 218, 235, 236, 237, 238, 239, 240, 241, 242, 

243, 244, 245, 247, 248, 249, 251, 252, 253, 254, 255, 256, 

5 257, 259, 260, 261, 262, 263, 265, 269, 271, 272, 275, 

24, method of claim 21, 22 or 23, further charac- 
terised in that the amino acid residues selected are chosen 
among the amino acid residues at any one or more of positions 

10 1, 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, 13, 19, 20, 21, 22, 24, 

25, 27, 36, 37, 38, 40, 41, 43, 44, 45, 46, 49, 50, 51, 52, 53, 
54, 55, 56, 57,. 58, 59, 60, 61, 62, 75, 76, 77, 78, 79, 87, 89, 
91, 94, 97, 98, 99, 100, 101, 103, 104, 105, 106, 107, 108, 
109, 112, 113, 115, 116, 117, 118, 120, 126, 128, 129, 130, 

15 131, 133, 134, 136, 137, 140, 141, 143, 144, 145, 146, 155, 

156, 15S, 159, 160, 161, 162, 163, 164, 165, 166, 167, 170, 

171, 173, 173, 181, 182, 183, 184, 185, 186, 188, 189, 191, 

192, 194, 195, 197, 204, 206, 209, 210, 211, 212, 213, 214, 

215, 216, 217, 218, 235, 236, 237, 238, 239, 240, 241, 242, 

20 243, 244, 245, 247, 248, 249, 251, 252, 253, 254, 255, 256, 

257, 259, 260, 261, 262, 263, 265, 269, 271, 272, 275. 

25. ¥he method of claim 21, 22, 23 or 24, further charac- 

terized in that the amino acid residues selected are chosen to 
25 affect an amino acid residue occupying a position chosen from 
the group of positions 

1, 2, 3, 4, 14, 15, 17, 18, 20, 27, 40, 41, 43, 44, 45, 46, 
51, 52, 60, 61, 62, 75, 76, 78, 79, 91, 94, 97, 100, 105, 106, 
108, 112, 113, 117, 118, 129, 130, 133, 134, 136, 137, 141, 
30 143, 144, 145, 146, 165, 173, 181, 183, 184, 185, 191, 192, 
206, 209, 210, 211, 212, 216, 239, 240, 242, 243, 244, 245, 
247, 248, 249, 251, 252, 253, 255, 256, 257, 259, 263, 269, 
271, 272, 

and at least one further affecting an amino acid residue 
35 occupying a position chosen from the group of positions 

1, 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, 18, 19, 20, 21, 22, 24, 
25, 27, 36, 37, 38, 40, 41, 43, 44, 45, 46, 49, 50, 51, 52, 53, 
54, 55, 56, 57, 58, 59, 60, 61, 62, 75, 76, 77, 78, 79, 87, 89, 
91, 94, 97, 98, 99, 100, 101, 103, 104, 105, 106, 107, 108, 
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109, 112, 113, 115, 116, 117, 118, 120, 126, 128, 129, 130, 

131, 133* 134, 136, 137, 140, 141, 143, 144, 145, 146, 155 ^ 

156, 158, 159, ISO, 161, 162, 163, 164, 165, 166, 167, 170,' 

171, 172, 173, 181, 182, 183, 184, 185, 186, 188, 189, 191, 

5 192, 194, 195, 197, 204, 206, 209, 210, 211, 212, 213, 214^ 

215, 216, 217, 218, 235, 236, 237, 238, 239, 240, 241, 242, 

243, 244, 245, 247, 248, 249, 251, 252, 253, 254, 255, 256, 

257, 259, 260, 261, 262, 263, 265, 269, 271, 272, 275. 

10 26. A method as claimed in any of the claims 21 to 25, 

furtner characterised in that the parent enzyme is selected 
from subtilisin BSJt*, subtilisin aiaylosacchariticns, subtili- 
sin 168, subtilisin »esenter icopeptidase , subtilisin Carls- 
ber^, subtilisin DY, subtilisin 309, subtilisin 147, thermi- 

15 tase. Bacillus S>B92 protease, proteinase K, protease TW7, and 
protease TW3. 

27. A method as claimed in claim 26, further characteri- 
sed in that the parent subtilisin is subtilisin 309. 

20 

28. a method as claimed in claim 26, further characteri- 
sed in that the parent subtilisin is subtilisin 147. 

29. & method as claimed in claim 26, further characteri- 
25 sea in that the parent subtilisin is subtilisin Carlsberg. 


30. A method as claimed in claim 26, further characteri- 

sed in that the parent subtilisin is Bacillus PB92 protease. 
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